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WE CLAIM : 

1 . A method of detecting a nucleic acid having at least two portions comprising: 
providing a type of nanoparticles having oligonucleotides attached thereto, 

the oligonucleotides on each nanoparticle having a sequence complementary tc/ the sequence 
of at least two portions of the nucleic acid; / 

contacting the nucleic acid and the nanoparticles under conditions effective 
to allow hybridization of the oligonucleotides on the nanoparticles mih the two or more 
portions of the nucleic acid; and / 

observing a detectable change brought about/by hybridization of the 
oligonucleotides on the nanoparticles with the nucleic acid. / 

2. A method of detecting nucleic acid having4t least two portions comprising: 
contacting the nucleic acid with at lea^two types of nanoparticles having 

oligonucleotides attached thereto, the oligonucleot^es on the first type of nanoparticles 
having a sequence complementary to a first portion of the sequence of the nucleic acid, the 
oligonucleotides on the second type of nanoparticles having a sequence complementary to 
a second portion of the sequence of the mWeic acid, the contacting taking place under 
conditions effective to allow hybridization/f the oligonucleotides on the nanoparticles with 

the nucleic acid; and / 

observing a detectable change brought about by hybridization of the 
oligonucleotides on the nanopartides with the nucleic acid. 

3. The method ofClaim 2 wherein the contacting conditions include freezing 
and thawing. / 

4. The mefmod of Claim 2 wherein the contacting conditions include heating. 
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5. The method of Claim 2 wherein the detectable change is observed on4 solid 
surface. / 

6. The method of Claim 2 wherein the detectable change is4 color change 
observable with the naked eye. / 

7. The method of Claim 6 wherein the color changeas observed on a solid 
surface. / 

8. The method of Claim 2 wherein the nanopaiacles are made of gold. 

9. The method of Claim 2 wherein tho^ oligonucleotides attached to the 
nanoparticles are labeled on their ends not attached to4he nanoparticles with molecules that 
produce a detectable change upon hybridization of^e oligonucleotides on the nanoparticles 
with the nucleic acid. / 

10. The method of Claim 9/wherein the nanoparticles are metallic or 
semiconductor nanoparticles and the oligonucleotides attached to the nanoparticles are 
labeled with fluorescent molecules. / 

1 1 . The method of Clajffld 2 wherein: 

the nucleic acid/nas a third portion located between the first and second 
portions, and the sequences /f the oligonucleotides on the nanoparticles do not include 
sequences complementary tfe this third portion of the nucleic acid; and 

the nucleit acid is further contacted with a filler oligonucleotide having a 
sequence complement^ to this third portion of the nucleic acid, the contacting taking place 
under conditions effective to allow hybridization of the filler oligonucleotide with the nucleic 
acid. / 
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12. 



The method of Claim 2 wherein the nucleic acid is viral 



or DNA. 



13. The method of Claim 2 wherein the nucleic acid is a^ene associated with a 
disease. / 

14. The method of Claim 2 wherein the nucleic acid is a bacterial DNA. 



16. The method of Claim 2 wherein the nucleic acid is a synthetic DNA, a 
synthetic RNA, a structurally-modified natural or synthetic RNA, or a structurally-modified 
natural or synthetic DNA. / 

17. The method of Claim 2 v/herein the nucleic acid is from a biological source. 

1 8. The method of Claim 2 wherein the nucleic acid is a product of a polymerase 
chain reaction amplification. / 

1 9. The method^f Claim 2 wherein the nucleic acid is contacted with the first and 
second types of nanoparticles simultaneously, 

20. The nlethod of Claim 2 wherein the nucleic acid is contacted and hybridized 
with the oligonucleotides on the first type of nanoparticles before being contacted with the 
second type of nanoparticles. 

21. / The method of Claim 20 wherein the first type of nanoparticles is attached to 
a substrate. 



15. 



The method of Claim 2 wherein the nui 




acid is a fiingal DNA. 
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22. The method of Claim 2 wherein the nucleic acid is double-straf/ded and 
hybridization with the oligonucleotides on the nanoparticles results in the production of a 
triple-stranded complex. / 

23. A method of detecting nucleic acid having at least two portions comprising: 
providing a substrate having a first type of nanopartic Wattached thereto, the 

nanoparticles having oligonucleotides attached thereto, the olig6nucleotides having a 
sequence complementary to a first portion of the sequence of a nufcleic acid to be detected; 

contacting said nucleic acid with the nanopartic}4s attached to the substrate 
under conditions effective to allow hybridization of the oligonucleotides on the nanoparticles 

with said nucleic acid; 

providing a second type of nanoparticle/having oligonucleotides attached 
thereto, the oligonucleotides having a sequence complementary to one or more other portions 
of the sequence of said nucleic acid; 

contacting said nucleic acid boun<f to the substrate with the second type of 
nanoparticles under conditions effective to allov/ hybridization of the oligonucleotides on the 
second type of nanoparticles vdth said nuclei^ acid; and 

observing a detectable cha 

24. The method of Claim 23 wherein the substrate has a plurality of types of 
nanoparticles attached to it in an adzy to allow for the detection of multiple portions of a 
single nucleic acid, the detection/6f multiple different nucleic acids, or both. 



25. A method of detecting nucleic acid having at least two portions comprising: 
providing a^ubstrate having a first type of nanoparticles attached thereto, the 
nanoparticles having ohgonucleotides attached thereto, the oligonucleotides having a 
sequence complementoy to a first portion of the sequence of a nucleic acid to be detected; 
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contacting said nucleic acid with the nanoparticles attached'^to the substrate 
under conditions effective to allow hybridization of the oligonucleotides on the nanoparticles 
with said nucleic acid; / 

providing a second type of nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides having a sequence complementary to lone or more other portions 
of the sequence of said nucleic acid; / 

contacting said nucleic acid bound to the substrate with the second type of 
nanoparticles under conditions effective to allow hybridization of the oligonucleotides on the 
second type of nanoparticles with said nucleic acid; / 

providing a binding oligonucleotide havmg a selected sequence having at least 
two portions, the first portion being complementary to at least a portion of the sequence of 
the oligonucleotides on the second type of nanopa^cles; 

contacting the binding oligonucleotide with the second type of nanoparticles 
bound to the substrate under conditions effecitive to allow hybridization of the binding 
oligonucleotide to the oligonucleotides on the nanoparticles; 

providing a third type of iianoparticles having oligonucleotides attached 
thereto, the oligonucleotides having a sequence complementary to the sequence of a second 
portion of the binding oligonucleotide/ 

contacting the third type of nanoparticles with the binding oligonucleotide 
bound to the substrate under conditions effective to allow hybridization of the binding 
oligonucleotide to the oligonucleeStides on the nanoparticles; and 

observing a detectable change, 

26. The method of Claim 25 wherein the substrate has a plurality of types of 
nanoparticles attached to/t in an array to allow for the detection of multiple portions of a 
single nucleic acid, the cletection of multiple different nucleic acids, or both. 

27. A meithod of detecting nucleic acid having at least two portions comprising: 
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contacting a nucleic acid to be detected with a substrate having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of said nucleic acid, the contacting tal^ng place under 
conditions effective to allow hybridization of the oligonucleotides on th/substrate with said 
nucleic acid; / 

contacting said nucleic acid bound to the substrate with a first type of 
nanoparticles having one or more types of oligonucleotides attached thereto, at least one of 
the types of oligonucleotides having a sequence complementaty to a second portion of the 
sequence of said nucleic acid, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticlesAvith said nucleic acid; 

contacting the first type of nanoparticlesjoound to the substrate with a second 
type of nanoparticles having oligonucleotides attached thereto, the oligonucleotides on the 
second type of nanoparticles having a sequence cornplementary to at least a portion of the 
sequence of one of the types of oligonucleotides on the first type of nanoparticles, the 
contacting taking place under conditions yeffective to allow hybridization of the 
oligonucleotides on the first and second types of nanoparticles; and 

observing a detectable charge. 

28. The method of Claim 27 wherein the first type of nanoparticles has only one type 
of oligonucleotides attached thereto/the oligonucleotides having a sequence complementary 
to the second portion of the sequence of said nucleic acid and to at least a portion of the 
sequence of the oligonucleotide on the second type of nanoparticles. 

29. The method c/f Claim 28 further comprising contacting the second type of 
nanoparticles bound to thfe substrate with the first type of nanoparticles, the contacting taking 
place under condition/ effective to allow hybridization of the oligonucleotides on the first 
and second types of/nanoparticles. 



152 



□ 

1 3 

?t s 

Q 



30. The method of Claim 27 wherein the first type of nanoparticles has/at least two 
types of oligonucleotides attached thereto, the first type of oligonucleondes having a 
sequence complementary to the second portion of the sequence of said nu^eic acid, and the 
second type of oligonucleotides having a sequence complementary to tl^sequence of at least 
a portion of the oligonucleotides on the second type of nanoparticle 

31. The method of Claim 30 further comprising contacting the second type of 
nanoparticles bound to the substrate with the first type of nanoparticles, the contacting taking 
place under conditions effective to allow hybridization of4he oligonucleotides on the first 
and second types of nanoparticles. 

32. The method of Claim 27 wherein tht substrate has a plurality of types of 
oligonucleotides attached to it in an array to aWoik for the detection of multiple portions of 
a single nucleic acid, the detection of multiple/different nucleic acids, or both. 

33. The method of any one of C^mims 23-32 wherein the substrate is a transparent 
substrate or an opaque white substrate. 

34. The method of Clai^ 33 wherein the detectable change is the formation of 
dark areas on the substrate. 



35. The method of any one of Claims 23-32 wherein the nanoparticles are made 



of gold. 



36. The method of any one of Claims 23-32 wherein the substrate is contacted 
with silver stain to^roduce the detectable change. 
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37. The method of any one of Claims 23-32 wherein the detj^table change is 
observed with an optical scanner. 

38. A method of detecting nucleic acid having at least two portions comprising: 
contacting a nucleic acid to be detected xvith a substrate having 

oligonucleotides attached thereto, the oligonucleotides having^ sequence complementary to 
a first portion of the sequence of said nucleic acid, the /contacting taking place under 
conditions effective to allow hybridization of the oligonucleotides on the substrate with said 
nucleic acid; 

contacting said nucleic acid bound^ to the substrate with a type of 
nanoparticles having oligonucleotides attached tfiereto, the oligonucleotides having a 
sequence complementary to a second portion of the sequence of said nucleic acid, the 
contacting taking place under conditions effective to allow hybridization of the 
oligonucleotides on the nanoparticles with said nucleic acid; 

contacting the substrate witn silver stain to produce a detectable change; and 

observing the detectable d4nge. 

39. The method of Claim 3 8 /Wherein the nanoparticles are made of a noble metal. 

40. The method of Claim 39 wherein the nanoparticles are made of gold or silver. 

41. The method of /Claim 38 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions of 
a single nucleic acid, the/detection of multiple different nucleic acids, or both. 



42. The method of any one of Claims 38-41 wherein the detectable change is 
observed with an (yrtical scanner. 
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43. A method of detecting nucleic acid having at least two potions comprising: 
contacting a nucleic acid to be detected with b. substrate having 

oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of said nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the oligonucleotides on the substrate with said 
nucleic acid; / 

contacting said nucleic acid bound to the ^bstrate with liposomes having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a portion of the sequence of said nucleic acid, the con4cting taking place under conditions 
effective to allow hybridization of the oligonucleotides on the liposomes with said nucleic 
acid; / 

contacting the liposomes boiufd to the substrate wath a first type of 
nanoparticles having at least a first type oligcmucleotides attached thereto, the first type of 
oligonucleotides having a hydrophobic group attached to the end not attached to the 
nanoparticles, the contacting taking place^nder conditions effective to allow attachment of 
the oligonucleotides on the nanoparticles to the liposomes as a result of hydrophobic 
interactions; and / 

observing a detectable change. 

44. A method of detecting nucleic acid having at least two portions comprising 
contacting a /nucleic acid to be detected with a substrate having 

oligonucleotides attached tiiereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of said nucleic acid, the contacting taking place under 
conditions effectivje to sfllow hybridization of the oligonucleotides on the substrate with said 
nucleic acid; / 

contacting said nucleic acid bound to the substrate with liposomes having 
oligonucleotides/ttached thereto, the oligonucleotides having a sequence complementary to 
a portion of the sequence of said nucleic acid, the contacting taking place under conditions 
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effective to allow hybridization of the oligonucleotides on the liposon^e"^ with said nucleic 
acid; 

contacting the liposomes bound to the subsWte with a first type of 
nanoparticles having at least a first type oligonucleotides at^d thereto, the first type of 
oligonucleotides having a hydrophobic group attached ^ die end not attached to the 
nanoparticles, the contacting taking place under conditk^ effective to allow attachment of 
the oligonucleotides on the nanoparticles to the U^somes as a result of hydrophobic 
interactions; / 

contacting the first type of nanop^icles bound to the liposomes with a second 
type of nanoparticles having oligonucleotide/attached thereto, 

the first type of nan^articles having a second type of oligonucleotides 
attached thereto which have a sequence ^mplementary to at least a portion of the sequence 
of the oligonucleotides on the secondyfype of nanoparticles, 

the oligonud^otides on the second type of nanoparticles having a 
sequence complementary to at I6ast a portion of the sequence of the second type of 
oligonucleotides on the first typfe of nanoparticles, 

the CQjitacting taking place under conditions effective to allow 
hybridization of the oligomfcleotides on the first and second types of nanoparticles; and 
observing/a detectable change. 

45. The methbd of Claim 43 or 44 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions of 
a single nucleic aj^d, the detection of multiple different nucleic acids, or both. 

46. / The method of Claim 43 or 44 wherein the nanoparticles are made of gold. 

47/ The method of Claim 43 or 44 wherein the substrate is contacted with silver 
stain to produce the detectable change. 
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48. The method of any one of Claims 43 or 44 wherein the detectable change is 
observed with an optical scanner. 

49. A method of detecting nucleic acid having at leasttwo portions comprising: 
providing a substrate having a first type of nanof^articles attached thereto, the 

nanoparticles having oligonucleotides attached thereto, /(ne oligonucleotides having a 
sequence complementary to a first portion of the sequeiwie of a nucleic acid to be detected; 

contacting said nucleic acid with the nanoparticles attached to the substrate 
under conditions effective to allow hybridization of/he oligonucleotides on the nanoparticles 
with said nucleic acid; 

providing an aggregate probe comprising at least two types of nanoparticles 
having oligonucleotides attached thereto, me nanoparticles of the aggregate probe being 
bound to each other as a result of the hybridization of some of the oligonucleotides attached 
to them, at least one of the types yof nanoparticles of the aggregate probe having 
oligonucleotides attached thereto which have a sequence complementary to a second portion 
of the sequence of said nucleic aci^^ 

contacting said nucleic acid bound to the substrate with the aggregate probe 
under conditions effective to allow hybridization of the oligonucleotides on the aggregate 
probe with said nucleic acid;^smd 

observing a detectable change. 



50. The method of Claim 49 wherein the substrate has a plurality of types of 
nanoparticles attached to it in an array to allow for the detection of multiple portions of a 
single nucleic acid,/the detection of multiple different nucleic acids, or both. 



51. A method of detecting nucleic acid having at least two portions comprising: 
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providing a substrate having oligonucleotides attarfied thereto, the 
oligonucleotides having a sequence complementary to a first portion of the sequence of a 
nucleic acid to be detected; / 

providing an aggregate probe comprising at le^t two types of nanoparticles 
having oligonucleotides attached thereto, the nanoparticliK of the aggregate probe being 
bound to each other as a result of the hybridization of swne of the oligonucleotides attached 
to them, at least one of the types of nanopartides of the aggregate probe having 
oligonucleotides attached thereto which have a sequence complementary to a second portion 
of the sequence of said nucleic acid; / 

contacting said nucleic acid,ydie substrate and the aggregate probe under 
conditions effective to allow hybridization (/f said nucleic acid with the oligonucleotides on 
the aggregate probe and with the oligonupleotides on the substrate; and 

observing a detectable change. 

52. The method of Claim 5ywherein said nucleic acid is contacted with the substrate 
so that said nucleic acid hybridizes with the oligonucleotides on the substrate, and said 
nucleic acid bound to the substrate is then contacted v^th the aggregate probe so that said 
nucleic acid hybridizes with^e oligonucleotides on the aggregate probe. 

53. The method^ of Claim 51 wherein said nucleic acid is contacted with the 
aggregate probe so that said nucleic acid hybridizes with the oligonucleotides on the 
aggregate probe, and4aid nucleic acid bound to the aggregate probe is then contacted with 
the substrate so that said nucleic acid hybridizes with the oligonucleotides on the substrate. 

54. Th/method of Claim 5 1 wherein said nucleic acid is contacted simultaneously 
with the aggregate probe and the substrate. 
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55. The method of Claim 51 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of mifltiple portions of 
a single nucleic acid, the detection of multiple different nucleic acids/or both. 

56. A method of detecting nucleic acid having at leasf two portions comprising: 
providing a substrate having oligonucleotides attached thereto; 
providing an aggregate probe comprising at Least two types of nanoparticles 

having oligonucleotides attached thereto, the nanopartides of the aggregate probe being 
boimd to each other as a result of the hybridization of some of the oligonucleotides attached 
to them, at least one of the types of nanoparticles of the aggregate probe having 
oligonucleotides attached thereto which have a sequefnce complementary to a first portion of 
the sequence of a nucleic acid to be detected; / 

providing a type of nanoparticles Slaving at least two types of oligonucleotides 
attached thereto, the first type of oligonucleondes having a sequence complementary to a 
second portion of the sequence of said nucleic acid, the second type of oligonucleotides 
having a sequence complementary to/at least a portion of the sequence of the 
oligonucleotides attached to the substrate; 

contacting said nuclei^acid, the aggregate probe, the nanoparticles and the 
substrate, the contacting taking place imder conditions effective to allow hybridization of 
said nucleic acid with the oligonucleotides on the aggregate probe and on the nanoparticles 
and hybridization of the oligonilcleotides on the nanoparticles wdth the oligonucleotides on 
the substrate; and / 

observing a^uetectable change. 

57. The me^d of Claim 56 wherein said nucleic acid is contacted with the 
aggregate probe ana the nanoparticles so that said nucleic acid hybridizes with the 
oligonucleotides cm the aggregate probe and with the oligonucleotides on the nanoparticles, 
and said nuclei/acid bound to the aggregate probe and nanoparticles is then contacted with 
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the substrate so that the oligonucleotides on the nanoparticles hyjaridize with the 
oligonucleotides on the substrate. / 

58. The method of Claim 56 wherein said nucleic add is contacted with the 
aggregate probe so that said nucleic acid hybridizes with the oligonucleotides on the 
aggregate probe, said nucleic acid bound to the aggregate probe is then contacted with the 
nanoparticles so that said nucleic acid hybridizes with the oligonucleotides on the 
nanoparticles, and said nucleic acid bound to the aggrejgate probe and nanoparticles is then 
contacted with the substrate so that the oligonucleotides on the nanoparticles hybridize with 
the oligonucleotides on the substrate. / 

59. The method of Claim 56 wherein said nucleic acid is contacted with the 
aggregate probe so that said nucleic acid hybridizes with the oligonucleotides on the 
aggregate probe, the nanoparticles are /contacted with the substrate so that the 
oligonucleotides on the nanoparticles hybridize with the oligonucleotides on the substrate, 
and said nucleic acid bound to the aggregate probe is then contacted with the nanoparticles 
bound to the substrate so that said nucQeic acid hybridizes with the oligonucleotides on the 
nanoparticles. / 

60. The method of Claim 56 wherein the substrate has the oligonucleotides attached 
to it in an array to allow for me detection of multiple portions of a single nucleic acid, the 
detection of multiple different nucleic acids, or both. 

6 1 . The memod of any one of Claims 49-60 wherein the substrate is a transparent 
substrate or an opaqtip white substrate. 

62. Th^ method of Claim 61 wherein the detectable change is the formation of 
dark areas on the substrate. 
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63. The method of any one of Claims 49-60 wherein the nanonmicles in the 
aggregate probe are made of gold. / 

64. The method of any one of Claims 49-60 wherein the substrate is contacted with 
a silver stain to produce the detectable change. / 

65. The method of any one of Claims 49-60 wherein the detectable change is 
observed with an optical scanner. / 

66. A method of detecting nucleic acid having at least two portions comprising: 
contacting a nucleic acid to ybe detected with a substrate having 

oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of said nu/deic acid, the contacting taking place under 
conditions effective to allow hybridization^f the oligonucleotides on the substrate with said 
nucleic acid; / 

contacting said nucleic acid bound to the substrate with liposomes having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a portion of the sequence of saidynucleic acid, the contacting taking place under conditions 
effective to allow hybridizaticm of the oligonucleotides on the liposomes with said nucleic 
acid; / 

providing ah aggregate probe comprising at least two types of nanoparticles 
having oligonucleotides^ attached thereto, the nanoparticles of the aggregate probe being 
bound to each other a^a result of the hybridization of some of the oligonucleotides attached 
to them, at least /one of the types of nanoparticles of the aggregate probe having 
oligonucleotides/attached thereto which have a hydrophobic group attached to the end not 
attached to the/nanoparticles; 
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contacting the liposomes bound to the substrate with the ag^gate probe 
under conditions effective to allow attachment of the oligonucleotides on th/aggregate probe 
to the liposomes as a result of hydrophobic interactions; and / 

observing a detectable change. / 

67. The method of Claim 66 wherein the nanoparticle/in the aggregate probe are 
made of gold. / 

68. The method of Claim 66 wherein the substrate is contacted with a silver stain to 
produce the detectable change. / 

69. The method of Claim 66 wherein ihe substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions of 
a single nucleic acid, the detection of multiple different nucleic acids, or both. 

70. A method of detecting nucleic acid having at least two portions comprising: 
providing a substrate having oligonucleotides attached thereto, the 

oligonucleotides having a sequencer complementary to a first portion of the sequence of a 
nucleic acid to be detected; / 

providing a core^probe comprising at least two types of nanoparticles, each 
type of nanoparticles having Oligonucleotides attached thereto which are complementary to 
the oligonucleotides on at least one of the other types of nanoparticles, the nanoparticles of 
the aggregate probe beiilg boimd to each other as a result of the hybridization of the 
oligonucleotides attached to them; 

providing a type of nanoparticles having two types of oligonucleotides 
attached thereto, the first type of oligonucleotides having a sequence complementary to a 
second portion of the sequence of said nucleic acid, the second type of oligonucleotides 
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having a sequence complementary to a portion of the sequence of the oligonucleotides 
attached to at least one of the types of nanoparticles of the core probe; / 

contacting said nucleic acid, the nanoparticles, the substrate and the core 
probe under conditions effective to allow hybridization of sam nucleic acid with the 
oligonucleotides on the nanoparticles and with the oligonucleojndes on the substrate and to 
allow hybridization of the oligonucleotides on the nanoparticles with the oligonucleotides 
on the core probe; and / 

observing a detectable change. / 

71 . The method of Claim 70 wherein said nufcleic acid is contacted with the substrate 
so that said nucleic acid hybridizes with the oligonucleotides on the substrate, and said 
nucleic acid bound to the substrate is then contacted with the nanoparticles so that said 
nucleic acid hybridizes with the oligonucleotides on the nanoparticles, and the nanoparticles 
bound to said nucleic acid are contacted wim the core probe so that the oligonucleotides on 
the core probe hybridize with the oligonucleotides on the nanoparticles, 

72. The method of Claim/yO wherein said nucleic acid is contacted with the 
nanoparticles so that said nucleic acid hybridizes with the oligonucleotides on the 
nanoparticles, said nucleic acidr bound to the nanoparticles is then contacted with the 
substrate so that said nucleic a/id hybridizes with the oligonucleotides on the substrate, and 
the nanoparticles boimd to said nucleic acid are contacted with the core probe so that the 
oligonucleotides on the core probe hybridize with the oligonucleotides on the nanoparticles. 

73. A method of detecting nucleic acid having at least two portions comprising: 
providing a substrate having oligonucleotides attached thereto, the 

oligonucleotides having a sequence complementary to a first portion of the sequence of a 
nucleic acid to be detected; 
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78. The method of any one of Claims 70-73 wherein the substrate is contacted with 
a silver stain to produce the detectable change. ^ 

79, The method of any one of Claims 70-73 wherein the detectable change is 
observed with an optical scanner. / 

80.. A method of detecting a nucleic add having at least two portions comprising: 

providing nanoparticles having ^Oligonucleotides attached thereto; 

providing one or more types oFbinding oligonucleotides, each of the binding 
oligonucleotides having two portions, the s^uence of one portion being complementary to 
the sequence of one of the portions of the /ucleic acid and the sequence of the other portion 
being complementary to the sequence of the oligonucleotides on the nanoparticles; 

contacting the nanoparticles and the binding oligonucleotides under 
conditions effective to allow hybridi^tion of the oligonucleotides on the nanoparticles with 
the binding oligonucleotides; / 

contacting the nuodeic acid and the binding oligonucleotides under conditions 
effective to allow hybridizatio/of the binding oligonucleotides with the nucleic acid; and 

observing a detectable change. 

81. The methbd of Claim 80 wherein the nanoparticles are contacted with the 
binding oligonucleotides prior to being contacted with the nucleic acid. 

82. A method of detecting a nucleic acid having at least two portions comprising: 
providing nanoparticles having oligonucleotides attached thereto; 
pfoviding one or more binding oligonucleotides, each of the binding 

oligonucleotides having two portions, the sequence of one portion being complementary to 
the sequenced at least two portions of the nucleic acid and the sequence of the other portion 
being complementary to the sequence of the oligonucleotides on the nanoparticles; 
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contacting the nanoparticles and the binding oligon/cleotides under 
conditions effective to allow hybridization of the oligonucleotides ontjie nanoparticles with 

the binding oligonucleotides; / 

contacting the nucleic acid and the binding oligonucleotides under conditions 

effective to allow hybridization of the binding oligonucleotides with the nucleic acid; and 
observing a detectable change. 

83. A method of detecting nucleic acid having at least two portions comprising: 
contactingthenucleicacidwithatleasttwotyp^ofparticleshavingoligonucleotides 

attached thereto, 

the oligonucleotides on the first type of panicles having a sequence complementary 
to a first portion of the sequence of the nucleic a/id and being labeled with an energy donor, 

the oligonucleotides on the seco/d type of particles having a sequence 
complementaiy to a second portion of the^quence of the nucleic acid and being labeled 

v«th an energy acceptor, / 

the contacting taking place u^der conditions effective to allow hybridization of the 

oligonucleotides on the particles with the nucleic acid; and 

observingadetectablech^gebroughtaboutbyhybridizationoftheoligonucleotides 

on the particles with the nucleifc acid. 

84. The met^d of Claim 83 wherein the energy donor and acceptor are 
fluorescent molecules. , 

85. A method of detecting nucleic acid having at least two portions comprising: 
pr'oviding a type of microspheres having oligonucleotides attached thereto, 

the oligonucle/tides having a sequence complementary to a first portion of the sequence of 

the nucleic a^id and being labeled with a fluorescent molecule; 
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providing a type of nanoparticles having oligonucleGoides attached thereto, 
the oligonucleotides having a sequence complementary to a secmid portion of the sequence 
of the nucleic acid, nanoparticles being capable of producing^/ detectable change; 

contacting the nucleic acid with the microspheres and the nanoparticles under 
conditions effective to allow hybridization of the oligonucleotides on the microspheres and 
on the nanoparticles with the nucleic acid; and / 

observing a change in fluorescence, ^lother detectable change produced by 
the nanoparticles, or both. / 

86. The method of Claim 85 wherein the detectable change produced by the 
nanoparticles is a change in color. / 

87. The method of Claim 85 j^herein the microspheres are latex microspheres and 
the nanoparticles are gold nanoparticles, and changes in fluorescence, color or both are 
observed. / 

88. The method/of Claim 87 further comprising placing a portion of the mixture 
of the latex microspheres; nanoparticles and nucleic acid in an observation area located on 
a microporous material, treating the microporous material so as to remove any unbound gold 
nanoparticles fromythe observation area, and then observing the changes in fluorescence, 
color, or both. / 

89. / A method of detecting nucleic acid having at least two portions comprising: 
/ providing a first type of metallic or semiconductor nanoparticles having 

oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first/portion of the sequence of the nucleic acid and being labeled with a fluorescent 
molecule; 
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providing a second type of metallic or semiconductor nanoparticles having 
oligonucleotides attached thereto, the oligonucleotides having a sequenc^complementary to 
a second portion of the sequence of the nucleic acid and being labeled with a fluorescent 
molecule; / 

contacting the nucleic acid with the two types of nanoparticles under 
conditions effective to allow hybridization of the oligonudeotides on the two types of 
nanoparticles with the nucleic acid; and / 

observing changes in fluorescence. / 

90. The method of Claim 89 further comprising placing a portion of the mixture 
of the nanoparticles and nucleic acid in an observation area located on a microporous 
material, treating the microporous material so as t</remove any unbound nanoparticles from 
the observation area, and then observing the chsmges in fluorescence. 

91. A method of detecting nucleic acid having at least two portions comprising: 
providing a type of partide having oligonucleotides attached thereto, the 

oligonucleotides having a first portion and a second portion, both portions being 
complementary to portions of the sequence of the nucleic acid; 

providing a type of i5robe oligonucleotides comprising a first portion and a 
second portion, the first portion Mving a sequence complementary to the first portion of the 
oligonucleotides attached to the/particles and both portions being complementary to portions 
of the sequence of the nuclei/ acid, the probe oligonucleotides further being labeled with a 
reporter molecule at one end; 

contacting/the particle and the probe oligonucleotides under conditions 
effective to allow for hybridization of the oligonucleotides on the particles with the probe 
oligonucleotides to produce a satellite probe; 

then cfontacting the satellite probe with the nucleic acid under conditions 
effective to provide; for hybridization of the nucleic acid with the probe oligonucleotides; 
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removing the particles; and 
detecting the reporter molecule. 

92. The method of Claim 91 wherein the particles are magnetic and the reporter 
molecule is a fluorescent molecule. 

93. The method of Claim 91 wherein the particles aj^e magnetic and the reporter 
molecule is a dye molecule. 

94. The method of Claim 91 wherein the parti^es are magnetic and the reporter 
molecule is a redox-active molecule. 



95. A kit comprising at least one container, the container holding a composition 
comprising at least two types of nanoparticles having oligonucleotides attached thereto, the 
oligonucleotides on the first type of nanoparticles having a sequence complementary to the 
sequence of a first portion of a nucleic acid, the oligonucleotides on the second type of 
nanoparticles having a sequence complementary to the sequence of a second portion of the 
nucleic acid. 



96. The kit of Claim 95 wherein the composition in the container further 
comprises a filler oligonucleotide having a sequence complementary to a third portion of the 
nucleic acid, the third portion being/located between the first and second portions. 



97. The kit of Claim/95 wherein the nanoparticles are made of gold. 

. — /— 

99. A kit co^nprising at least two containers, 
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the first container holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a first portion of a nucleic 
acid, and 

the second container holding nanoparticles having4)ligonucleotides attached 
thereto which have a sequence complementary to the sequence of a second portion of the 
nucleic acid. 



100. The kit of Claim 99 comprising a third container holding oligonucleotides 
having a sequence complementary to a third portion of the nucleic acid, the third portion 
being located between the first and second portions^ 

101. The kit of Claim 99 wherein the nanoparticles are made of gold. 

102. The kit of Claim 99 further comprising a solid surface. 



1 03 . A kit comprising at least tyo containers, 

the first container holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a first portion of a binding 
oligonucleotide, and 

the second container holding one or more types of binding oligonucleotides, 
each of which has a sequence co^mprising at least two portions, the first portion being 
complementary to the sequence of the oligonucleotides on the nanoparticles and the second 
portion being complementary tq'4ie sequence of a portion of a nucleic acid. 



1 04. The kit of Claim 1 03 which comprises additional containers, each holding an 
additional binding oligoniicleotide, each additional binding oligonucleotide having a 
sequence comprising at least two portions, the first portion being complementary to the 
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sequence of the oligonucleotides on the nanoparticles and the/second portion being 
complementary to the sequence of another portion of the nucleic/acid. 

105. The kit of Claim 103 wherein the nanoparticles are made of gold. 

106. The kit of Claim 103 further comprising/a solid surface. 

107. A kit comprising: 
a container holding one type of nanot/articles having oligonucleotides attached 

thereto and one or more types of binding oligonucleotides, each of the types of binding 



oligonucleotides having a sequence comprising/at least two portions, the first portion being 
complementary to the sequence of the oligonucleotides on the nanoparticles, whereby the 
binding oligonucleotides are hybridized to the oligonucleotides on the nanoparticles, and the 
second portion being complementary to the sequence of one or more portions of a nucleic 
acid. 



108. A kit comprising at least one container, the container holding metallic or 
semiconductor nanoparticles having^oligonucleotides attached thereto, the oligonucleotides 
having a sequence complementary to a portion of a nucleic acid and having fluorescent 
molecules attached to the ends of/(he oligonucleotides not attached to the nanoparticles. 



1 09. A kit comprising: 

a substrate, ^the substrate having attached thereto nanoparticles, the 
nanoparticles having oligonucleotides attached thereto which have a sequence 
complementary to the sequence of a first portion of a nucleic acid; and 

a first container holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a second portion of the 
nucleic acid. 
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110. The kit of Claim 1 09 further comprising: 
a second container holding a binding oligonucleotide having a selected 

sequence having at least two portions, the first portion being complementary to at least a 
portion of the sequence of the oligonucleotides on the nanoparticles in the first container; and 
a third container holding nanoparticles haying oligonucleotides attached 
thereto, the oligonucleotides having a sequence complem^tary to the sequence of a second 
portion of the binding oligonucleotide. 

111. A kit comprising at least three contaiiiers: 
the first container holding nanoparticles; 

the second container holding a /first oligonucleotide having a sequence 
complementary to the sequence of a first portion of a nucleic acid; and 

the third container holding a/second oligonucleotide having a sequence 
complementary to the sequence of a second/portion of the nucleic acid. 

1 12. The kit of Claim 1 1 1 further comprising a fourth container holding a third 
oligonucleotide having a sequence complementary to the sequence of a third portion of the 
nucleic acid, the third portion being located between the first and second portions. 

113. The kit of Claim 1 l/further comprising a substrate. 



114. The kit of Claim 1 1 3 further comprising: 

a fourth container holding a binding oligonucleotide having a selected 
sequence having at least t^o portions, the first portion being complementary to at least a 
portion of the sequence of the second oligonucleotide; and 

a fifth coi^tainer holding an oligonucleotide having a sequence complementary 
to the sequence of a second portion of the binding oligonucleotide. 
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1 1 5. The kit of Claim 1 1 1 wherein the oligonucleotides, nanoparticles, or both bear 
functional groups for attachment of the oligonucleotides to the nanoparticles. 



116. The kit of Claim 113 wherein the substrate, nanoparticles, or both bear 
functional groups for attachment of the nanoparticles to the substrate. 



1 1 7. The kit of Claim 1 1 3 wherein the substrate has nanoparticles attached to it. 

1 18. The kit of Claim 1 1 1 wherein the nanoparticles are made of gold. 

119. A kit comprising: 

a substrate having oligonucleotides attached thereto which have a sequence 
complementary to the sequence of a fu-st portion of a nucleic acid; 

a first container holding yuanoparticles having oligonucleotides attached 



thereto, some of which have a sequence complementary to the sequence of a second portion 
of the nucleic acid; and ^ 

a second container holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to at least a portion of the sequence of the 
oligonucleotides attached to the nanoparticles in the first container. 



1 20. A kit comprising: 
a substrate; / 
a first container holding nanoparticles; 

a second container holding a first oligonucleotide having a sequence 
complementary to the sequence of a first portion of a nucleic acid; 

a third c(>ntainer holding a second oligonucleotide having a sequence 
complementary to the sequence of a second portion of the nucleic acid; and 
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a fourth container holding a third oligonucleotide having a sequence 
complementary to at least a portion of the sequence of the second/oligonucleotide. 

121. The kit of Claim 1 20 wherein the oligonucleotides, nanoparticles, substrate 
or all bear functional groups for attachment of the oligonucleotides to the nanoparticles or 
for attachment of the oligonucleotides to the substrate. 

1 22. The kit of Claim 1 20 wherein the nanpparticles are made of gold. 

1 23 . A kit comprising: 
a substrate having oligonucleotides attached thereto which have a sequence 

complementary to the sequence of a first portion of a nucleic acid; 

a first container holding liposomes having oligonucleotides attached thereto 
which have a sequence complementary to , the sequence of a second portion of the nucleic 
acid; and / 

a second container holding nanoparticles having at least a first type of 
oligonucleotides attached thereto, th^irst type of oligonucleotides having a hydrophobic 
group attached to the end not attached to the nanoparticles. 



124. The kit of Claim 123 wherein: 

the nanoparticles in the second container have a second type of 
oligonucleotides attached thereto, the second type of oligonucleotides having a sequence 
complementary to the sequence of the oligonucleotides on a second type of nanoparticles; 
and the kit furtherycomprises: 

a third /container holding a second type of nanoparticles having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
at least a portion of the sequence of the second type of oligonucleotides on the first type of 
nanoparticles. ^ 
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125. A kit comprising: 

a substrate, the substrate having attached thereto nanoparticles, the 
nanoparticles having oligonucleotides attached thereto w^hich/have ^a sequence 
complementary to the sequence of a first portion of a nucleic acid;/and 

a first container holding an aggregate probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as a result of the hybridization of some of the 
oligonucleotides attached to them, at least one of the types^f nanoparticles of the aggregate 
probe having oligonucleotides attached thereto which have a sequence complementary to a 
second portion of the sequence of the nucleic acid. 



1 26. A kit comprising: 

a substrate, the substrate having oligonucleotides attached thereto, the 
oligonucleotides having a sequence complementary to the sequence of a first portion of a 
nucleic acid; and 

a first container holding ariaggregate probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other ^as a result of the hybridization of some of the 
oligonucleotides attached to them, atleast one of the types of nanoparticles of the aggregate 
probe having oligonucleotides attached thereto which have a sequence complementary to a 
second portion of the sequence of the nucleic acid. 



127. The kit of Claim 126 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions of 
a single nucleic acid, the detection of multiple different nucleic acids, or both. 



128. A kit comprising: 

a substrate having oligonucleotides attached thereto; 
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a first container holding an aggregate probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as a result of the hybridiM^on of some of the 
oligonucleotides attached to them, at least one of the types of nancfparticles of the aggregate 
probe having oligonucleotides attached thereto which have a s^uence complementary to a 
first portion of the sequence of the nucleic acid; and / 

a second container holding nanoparticles having at least two types of 
oligonucleotides attached thereto, the first type of oligonucleotides having a sequence 
complementary to a second portion of the sequence of the nucleic acid, and the second type 
of oligonucleotides having a sequence complement^ to at least a portion of the sequence 
of the oligonucleotides attached to the substrate. 



129. A kit comprising: 

a substrate, the substrate having oligonucleotides attached thereto, the 
oligonucleotides having a sequence complementary to the sequence of a first portion of a 
nucleic acid; / 

a first container holding/liposomes having oligonucleotides attached thereto 
which have a sequence complementa^ to the sequence of a second portion of the nucleic 
acid; and / 

a second container holding an aggregate probe comprising at least two types 
of nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as a result of the 

hybridization of some of the^oligonucleotides attached to them, at least one of the types of 
nanoparticles of the aggregate probe having oligonucleotides attached thereto which have a 
hydrophobic group attached to the end not attached to the nanoparticles. 



1 30. The kitybf any one of Claims 125-129 wherein the substrate is a transparent 
substrate or an opaque white substrate. 
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131. The kit of any one of Claims 125-129 wherein th/nanoparticles of the 
aggregate probe are made of gold. 

1 32. A kit comprising at least three containers: 
the first container holding nanoparticles; 
the second container holding a first oligonucleotide having a sequence 

complementary to the sequence of a first portion of a r^ucleic acid; and 

the third container holding a second oligonucleotide having a sequence 
complementary to the sequence of a second portion^f the nucleic acid. 



133. The kit of Claim 132 further comprising a fourth container holding a third 
oligonucleotide having a sequence complementary to the sequence of a third portion of the 
nucleic acid, the third portion being located between the first and second portions. 



134. The kit of Claim 132 further/comprising a substrate. 



135. The kit of Claim 1 34 further comprising: 
' a fourth container holding a binding oligonucleotide having a selected 

sequence having at least two portions, the first portion being complementary to at least a 
portion of the sequence of the second oligonucleotide; and 

a fifth container holding an oligonucleotide having a sequence complementary 
to the sequence of a second portion of the binding oligonucleotide. 



136. The kit of Claim 1 32 wherein the oligonucleotides, nanoparticles, or both bear 
functional groups for attachment of the oligonucleotides to the nanoparticles. 



137. The kit/of Claim 134 wherein the substrate, nanoparticles, or both bear 
functional groups for/attachment of the nanoparticles to the substrate. 
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1 3 8. The kit of Claim 1 34 wherein the substrate has nanopartitles attached to it. 

139. The kit of Claim 132 wherein the nanoparticles are;^ade of gold. 

140. A kit comprising: 

a substrate having oligonucleotides attached thereto which have a sequence 
complementaiy to the sequence of a first portion of a nucleic acid; 

a first container holding nanoparticles having oligonucleotides attached 
thereto, some of which have a sequence complementar^o the sequence of a second portion 
of the nucleic acid; and 

a second container holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to/at least a portion of the sequence of the 
oligonucleotides attached to the nanoparticles in/the first container. 

141. A kit comprising: 
a substrate; 

a first container holding nanoparticles; 

a second container holding a first oligonucleotide having a sequence 
complementary to the sequence of a first portion of a nucleic acid; 

a third container holding a second oligonucleotide having a sequence 
complementaiy to the sequence of a^second portion of the nucleic acid; and 

a fourth container ^holding a third oligonucleotide having a sequence 
complementary to at least a portion of the sequence of the second oligonucleotide. 

1 42. The kit of Claim 1 4 1 wherein the oligonucleotides, nanoparticles, substrate 
or all bear functional groups for attachment of the oligonucleotides to the nanoparticles or 
for attachment of the oligonucleotides to the substrate. 
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143. The kit of Claim 141 wherein the nanoparticles are mswe of gold. 

1 44. A kit comprising: 
a substrate having oligonucleotides attached th/reto which have a sequence 

complementary to the sequence of a first portion of a nucleic acid; 

a first container holding liposomes having xSligonucleotides attached thereto 
which have a sequence complementary to the sequenc9/of a second portion of the nucleic 
acid; and 

a second container holding nanopaAicles having at least a first type of 
oligonucleotides attached thereto, the first type of/oligonucleotides having a hydrophobic 
group attached to the end not attached to the nanoparticles. 



1 45. The kit of Claim 1 44 wherein:^ 

the nanoparticles in the ^second container have a second type of 
oligonucleotides attached thereto, the second type of oligonucleotides having a sequence 
complementary to the sequence of the oligonucleotides on a second type of nanoparticles; 
and the kit further comprises: 

a third container holding a second type of nanoparticles having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
at least a portion of the sequence of the second type of oligonucleotides on the first type of 
nanoparticles. 



1 46. A kit comprising at least two containers, 

the first container holding particles having oligonucleotides attached thereto 
which have a sequence complementary to the sequence of a first portion of a nucleic acid, 
the oligonucleotides being labeled with an energy donor on the ends not attached to the 
particles, 
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the second container holding particles having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a second portion of a 
nucleic acid, the oligonucleotides being labeled with an energy acc^tor on the ends not 
attached to the particles. 

1 47. The kit of Claim 1 46 wherein the energy dono;/and acceptor are fluorescent 
molecules. 

148. A kit comprising at least one container, the container holding a first type of 
particles having oligonucleotides attached thereto which have a sequence complementary to 
the sequence of a first portion of a nucleic acid, the oligonucleotides being labeled with an 
energy donor on the ends not attached to the partides, and a second type of particles having 
oligonucleotides attached thereto which have a sequence complementary to the sequence of 
a second portion of a nucleic acid, the oligonucleotides being labeled with an energy acceptor 
on the ends not attached to the particles. 

1 49. The kit of Claim 148 wherein the energy donor and acceptor are fluorescent 
molecules. 

150. A kit comprising: 

a first container holding a type of microspheres having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a first portion of 
the sequence of a nucleic acid and being labeled with a fluorescent molecule; and 

a second container holding a type of nanoparticles having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a second portion 
of the sequence of the nucleic acid. 
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151. The kit of Claim 1 50 wherein the microspheres are latex prlicrospheres and the 
nanoparticles are gold nanoparticles. 

1 52. The kit of Claim 1 50 further comprising a micyoporous material. 

153. A kit comprising: 
a first container holding a first type of metallic or semiconductor nanoparticles 

having oligonucleotides attached thereto, the oligonucleotides having a sequence 
complementary to a first portion of the sequence of/a nucleic acid and being labeled with a 
fluorescent molecule; and 

a second container holding a s6cond type of metallic or semiconductor 
nanoparticles having oligonucleotides attached thereto, the oligonucleotides having a 
sequence complementary to a second portipn of the sequence of a nucleic acid and being 
labeled with a fluorescent molecule. 

1 54. The kit of Claim 1 53 further comprising a microporous material. 

155. A kit comprising a container holding a satellite probe, the satellite probe 
comprising: / 

a particle having attached thereto oligonucleotides, the oligonucleotides 
having a first portion and a second portion, both portions having sequences complementary 
to portions of the sequence of a nucleic acid; and 

probe oligonucleotides hybridized to the oligonucleotides attached to the 
nanoparticles, the probe oligonucleotides having a first portion and a second portion, the first 
portion having a sequence complementary to the sequence of the first portion of the 
oligonucleotides attached to the particles, both portions having sequences complementary 
to portions of the sequence of the nuck 
reporter molecule attached to one end. 



to portions of the sequence of the nucleic acid, the probe oligonucleotides further having a 
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1 56. A kit comprising a container holding an aggregate probe; the aggregate probe 
comprising at least two types of nanoparticles having oligonucleotLdes attached thereto, the 
nanoparticles of the aggregate probe being bound to each /other as a result of the 
hybridization of some of the oligonucleotides attached to thein, at least one of the types of 
nanoparticles of the aggregate probe having oligonucleotidefs attached thereto which have a 
sequence complementary to a portion of the sequence of^ nucleic acid. 

157. A kit comprising a container holding an aggregate probe, the aggregate probe 
comprising at least two types of nanoparticles havijlg oligonucleotides attached thereto, the 
nanoparticles of the aggregate probe being bound to each other as a result of the 
hybridization of some of the oligonucleotides attached to them, at least one of the types of 
nanoparticles of the aggregate probe having ofigonucleotides attached thereto which have a 
hydrophobic group attached to the end not attached to the nanoparticles. 

158. An aggregate probe, the aggregate probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being boxmd to each other As a result of the hybridization of some of the 
oligonucleotides attached to them, at/least one of the types of nanoparticles of the aggregate 
probe having oligonucleotides attached thereto which have a sequence complementary to a 
portion of the sequence of a nucleic acid. 

1 59. The aggregate probe of Claim 158 comprising two types of nanoparticles each 
having two types of oligonucleotides attached thereto, the first type of oligonucleotides 
attached to each type of nanoparticles having a sequence complementary to a portion of the 
sequence of a nucleic acia, the second type of oIigo;iucleotides attached to the first type of 
nanoparticles having a sequence complementary to at least a portion of the sequence of the 
second type of oligonucleotides attached to the second type of nanoparticles. 
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1 60. The aggregate probe of Claim 1 58 comprising three types of nanoparticles 
having oligonucleotides attached thereto, the oligonucleotides attached to the first type of 
nanoparticles having a sequence complementary to at least a portioh of the sequence of the 
oligonucleotides attached to the second type of nanoparticles, the^ligonucleotides attached 
to the second type of nanoparticles having a sequence complenientary to at least a portion of 
the sequence of the oligonucleotides attached to the first typef of nanoparticles, and the third 
type of nanoparticles having two types of oligonucleotides/attached thereto, the first type of 
oligonucleotides having a sequence complementary to a tJortion of the sequence of a nucleic 
acid, and the second type of oligonucleotides having a/sequence complementary to at least 
a portion of the sequence of the oligonucleotides attached to the first or second type of 
nanoparticles. / 

161. An aggregate probe, the aggre^te probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as a /result of the hybridization of some of the 
oligonucleotides attached to them, at least one of the types of nanoparticles of the aggregate 
probe having oligonucleotides attached thereto which have a hydrophobic group attached to 
the end not attached to the nanoparticle4. 

1 62. A kit comprising a container holding a core probe, the core probe comprising 
at least two types of nanoparticles having oligonucleotides attached thereto, the nanoparticles 
of the core probe being bound tor each other as a result of the hybridization of some of the 
oligonucleotides attached to thwn. 

163. The kit of Claim 162 further comprising a substrate having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a first portion of 
the sequence of a nucleic acid to be detected. 
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164. The kit of Claim 162 or 163 further comprising a contain/holding a type of 
nanopart. cles having two types of oligonucleotides attached thei/o, the first type of 
ohgonucleotides having a sequence complementary to a second po/on of the nucleic acid 
and the second type of oligonucleotides having sequence comple/entary to a portion of the 
sequence of the oligonucleotides attached to at least one of theses of nanoparticles of the 
core probe. 

165. ThekitofClaim 162 or 163 fimhercompi^sing a container holding a type of 
hniang oligonucleotides comprising a sequence complementary to a second portion of the 
sequence of the nucleic acid and a sequence comple/entaiy to a portion of the sequence of 
the ohgonucleotides attached to at least one of the ^es of nanoparticles of the core probe. 

166. A core probe comprising at l4ast two types of nanoparticles having 
ohgonucleotides attached thereto, the nanopari(cles of the core probe being bound to each 
other as a result of the hybridization of some/of the oligonucleotides attached to them. 

167. A substrate having nanopa^cles attached thereto. 

1 68. The substrate of Claim 1^7 wherein the nanoparticles have oligonucleotides 
attached thereto which have a sequen/e complementary to the sequence of a first portion of 
a nucleic acid. 

169. A metallic or sem^onductor nanoparticle having oligonucleotides attached 
thereto, the oligonucleotides b/ing labeled with fluorescent molecules at the ends not 

attached to the nanoparticle. 

1 70. A satellite probe comprising: 
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a particle having attached thereto oligonucleotides, ^e oligonucleotides 
having a first portion and a second portion, both portions having sciences complementary 
to portions of the sequence of a nucleic acid; and 

probe oligonucleotides hybridized to the oligbnucleotides attached to the 
nanoparticles, the probe oligonucleotides having a first portion and a second portion, the first 
portion having a sequence complementary to the sequence of the first portion of the 
oligonucleotides attached to the particles, both portions having sequences complementary 
to portions of the sequence of the nucleic acid, the^robe oligonucleotides further having a 
reporter molecule attached to one end. 

171. A method of nanofabrication comprising 
providing at least one type^ of linking oligonucleotide having a selected 

sequence, the sequence of each type of linking oligonucleotide having at least two portions; 

providing one or more types of nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides on each of the types of nanoparticles having a sequence 
complementary to the sequence of a/portion of a linking oligonucleotide; and 

contacting the linking oligonucleotides and nanoparticles under conditions 
effective to allow hybridization of the oligonucleotides on the nanoparticles to the linking 
oligonucleotides so that a desired nanomaterial or nanostructure is formed wherein the 
nanoparticles are held together by oligonucleotide connectors. 

1 72. The method of Claim 1 7 1 wherein at least two types of nanoparticles having 
oligonucleotides attached thereto are provided, the oligonucleotides on the first type of 
nanoparticles having a ^quence complementary to a first portion of the sequence of a linking 
oligonucleotide, and/the oligonucleotides on the second type of nanoparticles having a 
sequence complementary to a second portion of the sequence of the linking oligonucleotide. 
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173. The method of Claim 171 or 172 wherein the nanoparticles are metallic 
nanoparticles, semiconductor nanoparticles, or a combination thereof. 

174. The method of Claim 173 wherein the metallic nanoparticles are made of 
gold, and the semiconductor nanoparticles are made of CdSe/ZnS (core/shell). 

1 75. A method of nanofabrication comprising: 

providing at least two types of nanoparticles having oligonucleotides attached 
thereto, / 

the oligonucleotides on the first ^e of nanoparticles having a sequence 
complementary to that of the oligonucleotides oii the second of the nanoparticles; 

the oligonucleotides on the second type of nanoparticles having a sequence 
complementary to that of the oligonucleotides on the first type of nanoparticles; and 

contacting the first and secbnd types of nanoparticles under conditions 
effective to allow hybridization of the oligohucleotides on the nanoparticles to each other so 
that a desired nanomaterial or nanostrucmre is formed. 

176. The method of Claim 175 wherein the nanoparticles are metallic 
nanoparticles, semiconductor nanoparticles, or a combination thereof. 

177. The method of Claim 176 wherein the metallic nanoparticles are made of 
gold, and the semiconductor nanbparticles are made of CdSe/ZnS (core/shell). 

178. Nanomaterialsf or nanostructures composed of nanoparticles having 
oligonucleotides attached thfereto, the nanoparticles being held together by oligonucleotide 
connectors. / 
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179. ThenanomaterialsornanostructuresofClaim 178 wherein at least some of the 
oligonucleotide connectors are triple-stranded. 

1 80. The nanomaterials or nanostructures of Claim 1 78/^herein the nanoparticles 
are metallic nanoparticles, semiconductor nanoparticles, or a ccimbination thereof. 



181, The nanomaterials or nanostructures of Claim 180 wherein the metallic 
nanoparticles are made of gold, and the semiconductor nanoparticles are made of CdSe/ZnS 
(core/shell). 

182. A composition comprising at least' two types of nanoparticles having 
oligonucleotides attached thereto, the oligonucleotides on the first type of nanoparticles 
having a sequence complementary to the sequence of a first portion of a nucleic acid or a 
linking oligonucleotide, the oligonucleotides on the second type of nanoparticles having a 
sequence complementary to the sequence of a second portion of the nucleic acid or linking 
oligonucleotide. 

183, The composition of Claini 182 wherein the nanoparticles are metallic 
nanoparticles, semiconductor nanoparticl4, or a combination thereof. 

1 84. The composition of Claim 1 83 wherein the metallic nanoparticles are made 
of gold, and the semiconductor nanoparticles are made of CdSe/ZnS (core/shell). 



1 85 . An assembly of containers comprising: 

a first container/holding nanoparticles having oligonucleotides attached 

thereto, and 

a second conjWer holding nanoparticles having oligonucleotides attached 

thereto, 
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the oligonucleotides attached to the nanoparticles iatne first container having 
a sequence complementary to that of the oligonucleotides attach^ to the nanoparticles in the 
second container, 

the oligonucleotides attached to the nanopairticles in the second container 
having a sequence complementary to that of the oligonucleotides attached to the 
nanoparticles in the second container. 

186. The assembly of Claim 185 wherein the nanoparticles are metallic 
nanoparticles, semiconductor nanoparticles, or a combination thereof. 



1 87. The assembly of Claim 1 86 wherein the metallic nanoparticles are made of 
gold, and the semiconductor nanoparticles are made of CdSe/ZnS (core/shell). 



188. A nanoparticle having a plurality of different oligonucleotides attached 

thereto. 

1 89. A method of separating a selected nucleic acid having at least two portions 
from other nucleic acids, the method comprising: 

providing two or more types of nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides on each/of the types of nanoparticles having a sequence 
complementary to the sequence of one of the portions of the selected nucleic acid; and 

contacting the nucleic acids and nanoparticles under conditions effective to 
allow hybridization of the oligonucleotides on the nanoparticles with the selected nucleic 
acid so that the nanoparticles hybridized to the selected nucleic acid aggregate and 
precipitate. 

190. A method of bmding oligonucleotides to charged nanoparticles to produce 
stable nanoparticlei-oligonujneotide conjugates, the method comprising: 
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providing oligonucleotides having covalently bound thereto a moiety 
comprising a functional group which can bind to the nanoparticles; 

contacting the oligonucleotides and the nanopahicles in water for a period of 
time sufficient to allow at least some of the oligonucleotidefs to bind to the nanoparticles; 

adding at least one salt to the water to forn/ a salt solution, the ionic strength 
of the salt solution being sufficient to overcome at least iartially the electrostatic attraction 
or repulsion of the oligonucleotides for the nanoparticles and the electrostatic repulsion of 
the oligonucleotides for each other; and 

contacting the oligonucleotides and Aanoparticles in the salt solution for an 
additional period of time sufficient to allow sufficient additional oligonucleotides to bind to 
the nanoparticles to produce the stable nanopartifcle-oligonucleotide conjugates. 

191. The method of Claim 1 90 whei-ein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 

1 92. The method of Claim 1 9 Pwherein the nanoparticles are gold nanoparticles. 

1 93. The method of Claim 1 92 wherein the moiety comprising a functional group 
which can bind to the nanoparticles is^an alkanethioL 

1 94. The method of Claiin 1 90 wherein all of the salt is added to the water in a 
single addition. 

1 95. The method of^laim 1 90 wherein the salt is added gradually over time. 

196. The method of Claim 190 wherein the salt is selected from the group 
consisting of sodium chloride, magnesium chloride, potassium chloride, ammonium, 
chloride, sodium, acetate, ammonium acetate, a combination of two or more of these salts, 
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one of these salts in a phosphate buffer, and a combination of two or more these salts in a 
phosphate buffer. / 

1 97. The method of Claim 1 96 wherein the salt is sodi)un chloride in a phosphate 

buffer. 

1 98. The method of Claim 1 90 wherein nanop; 
are produced which have the oligonucleotides present oi 
surface density of at least 10 picomoles/cm^ / 

1 99. The method of Claim 1 98 wherein th^feligonucleotides are present on surface 
of the nanoparticles at a surface density of at least /1 5 picomoles/cm^. 

200. The method of Claim 1 99 wherein the oligonucleotides are present on surface 
of the nanoparticles at a surface density of /from about 15 picomoles/cm^ to about 40 
picomoles/cm^ / 

201. A method of binding oligonucleotides to nanoparticles to produce 
nanoparticle-oligonucleotide conjugates, the method comprising; 

providing oligonucleotides, the oligonucleotides comprising at least one type 
of recognition oligonucleotides, each of the recognition oligonucleotides comprising a spacer 
portion and a recognition portion, me spacer portion being designed so that it can bind to the 
nanoparticles; and / 

contacting the oligonucleotides and the nanoparticles under conditions 
effective to allow at least ^me of the recognition oligonucleotides to bind to the 
nanoparticles to produce the/nanoparticle-oligonucleotide conjugates. 



ticle-oligonucleotide conjugates 
surface of the nanoparticles at a 
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202. The method of Claim 201 wherein each of the spader portions of the 
recognition oligonucleotides has a moiety covalently bound theretoyflie moiety comprising 
a functional group which can bind to the nanoparticles / 

203. The method of Claim 201 wherein the nanopai/icles are metal nanoparticles 
or semiconductor nanoparticles. / 

204. The method of Claim 203 wherein the naiioparticles are gold nanoparticles. 

205. The method of Claim 204 wherein the spacer portion comprises at least about 
10 nucleotides. / 

206. The method of Claim 205 whereiiVthe spacer portion comprises from about 
10 to about 30 nucleotides. / 

207. The method of Claim 206 wherein the bases of the nucleotides of the spacer 
are all adenines, all thymines, all cytosines; all uracils, or all guanines. 

208. A method of binding /oligonucleotides to nanoparticles to produce 
nanoparticle-oligonucleotide conjugates, the method comprising: 

providing oligonuclecrtides, the oligonucleotides comprising: 
a type of recognition oligonucleotides; and 
a type of diluent oligonucleotides; 
contacting the oligonucleotides with the nanoparticles under conditions 
effective to allow at least soi^e of each of the types of oligonucleotides to bind to the 
nanoparticles to produce the^anoparticle-oligonucleotide conjugates. 
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209. The method of Claim 208 wherein the nanoparticles^^e metal nanoparticles 
or semiconductor nanoparticles. 

210. The method of Claim 209 wherein the nanoparticles are gold nanoparticles. 

211. The method of Claim 208 wherein each of the recognition oligonucleotides 
comprises a spacer portion and a recognition portion, the spacer portion being designed so 
that it can bind to the nanoparticles. 



212. The method of Claim 211 wherein each of the spacer portions of the 
recognition oligonucleotides has a moiety covalently bound thereto, the moiety comprising 
a functional group which can bind to the nanoparticles. 



213. The method of Claim 211 yherein the spacer portions of the recognition 
oligonucleotides comprises at least about 10 nucleotides. 



214. The method of Claim 213 wherein the spacer portions of the recognition 
oligonucleotides comprises from abou/lO nucleotides to about 30 nucleotides. 



215. The method of Claim 2 1 1 wherein the bases of the nucleotides of the spacer 
are all adenines, all thymines, all cytosines, all uracils or all guanines. 

2 1 6. The method of Claim 2 1 1 wherein the diluent oligonucleotides contain about 
the same number of nucleotj/es as are contained in the spacer portions of the recognition 
oligonucleotides. 
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217. The method of Claim 216 wherein the sequence of the diluent 
oligonucleotides is the same as the sequence of the spacer portions of the recognition 
oligonucleotides. 

218. The method of Claim 208 wherein the oligonucl^tides comprise at least two 
types of recognition oligonucleotides. 

219. A method of binding oligonucleotides to charged nanoparticles to produce 
nanoparticle-oligonucleotide conjugates, the method comprising: 

providing oligonucleotides having covalently bound thereto a moiety 
comprising a functional group which can bind to the^nanoparticles, the oligonucleotides 

comprising: / 

a type of recognition oligonucleotides; and 

a type of diluent oligonucleotides; 

contacting the oligonucleotides with the nanoparticles in water for a period 

of time sufficient to allow at least some of each of the types of oligonucleotides to bind to 

the nanoparticles; / 

adding at least one salt to theWer to fom a salt solution, the ionic strength 
of the salt solution being sufficient to over^me at least partially the electrostatic attraction 
or repulsion of the oligonucleotides for^the nanoparticles and the electrostatic repulsion of 

the oligonucleotides for each other; and 

contacting the oligon/cleotides and nanoparticles in the salt solution for an 
additional period of time sufficienUo allow additional oligonucleotides of each of the types 
of oligonucleotides to bind to the/hanoparticles to produce the nanoparticle-oligonucleotide 
conjugates. 

220. The method/bf Claim 219 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 
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22 1 . The method of Claim 220 wherein the nanoparticles are Zld nanoparticles. 

222. 'n>eniethodofClaim221whereinthemoietycompXaflmctionalgroup 
which can bmd to the nanoparticles is an alkanethiol. 



223. The method of Claim 219 wherein all of the s/t is added to the water in a 
single addition. 



224. The method of Claim 219 wherein the sal/is added gradually 



over time. 



225. The method of Claim 219 wherein the salt is selected from the group 
consisting of sodium chloride, magnesium chloX potassium chloride, ammonium 
chloride, sodium, acetate, ammonium acetate, a co/bination of two or more of these salts' 
one of these salts in a phosphate buffer, and a combination of two or more these salts in a' 
phosphate buffer. 



226. TheniethodofClaim225wh/reinthesaltissodiumchlorideinaphosphate 

buffer. ^ 



227. The method of Claim 21^ wherein nanoparticle-oligonucleotide conjugates 
are produced which have the oligonuo/eotides are present on surface of the nanoparticles at 
a surface density of at least 10 picon(oles/cml 

228. ThemethodofChum227whereintheoligonucleotidesarepresentonsurface 
of the nanoparticles at a surfac/ density of at least 15 picomoles/cml 
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229. The method of Claim 228 wherein the oligonucleptides are present on surface 
of the nanoparticles at a surface density of from about l/picomoles/cm^ to about 40 
picomoles/cm^. / 

230. The method of Claim 2 1 9 wherein eadi of the recognition oligonucleotides 
comprises a spacer portion and a recognition portion, the spacer portion having attached to 
it the moiety comprising a functional group whicji can bind to the nanoparticles. 

23 1 . The method of Claim 230 wher/in the spacer portion comprises at least about 
10 nucleotides. / 

232. The method of Claim 23 1 therein the spacer portion comprises from about 
10 to about 30 nucleotides. / 

233. The method of Claim 230 wherein the bases of the nucleotides of the spacers 
are all adenines, all thymines, all c>tosines, all uracils, or all guanines. 

234. The method of Claim 230 wherein the diluent oligonucleotides contain about 
the same number of nucleotides as are contained in the spacer portions of the recognition 
oligonucleotides. / 

235. The method of Claim 234 wherein the sequence of the diluent 
oligonucleotides is the same as the sequence of the spacer portions of the recognition 
oligonucleotides. / 

236. The method of Claim 2 1 9 wherein the oligonucleotides comprise at least two 
types of recognition oligonucleotides. 
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237. Nanoparticle-oligonucleotide conjugates which are naiioparticles having 
oligonucleotides attached to them, the oligonucleotides being present on surface of the 
nanoparticles at a surface density sufficient so that the conjugateS/are stable, at least some 
of the oligonucleotides having a sequence complementary to ^t least one portion of the 
sequence of a nucleic acid or another oligonucleotide.. 

238. The conjugates of Claim 237 wherein theybHgonucleotides are present on 
surface of the nanoparticles at a surface density of at leap 10 picomoles/cm^ 

239. The nanoparticles of Claim 238 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of at least 1 5 picomoles/cm^ 

240. The nanoparticles of Claim 239 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of from about 1 5 picomoles/cm^ to about 40 
picomoles/cm^ 

241. The nanoparticles of Claim 237 wherein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 

242. The nanoparticles /of Claim 241 wherein the nanoparticles are gold 
nanoparticles. 

243 . NanoparticlesTiaving oligonucleotides attached to them, the oligonucleotides 
comprising at least one t/pQ of recognition oligonucleotides, each of the recognition 
oligonucleotides comprising a spacer portion and a recognition portion, the spacer portion 
being designed so that4t is bound to the nanoparticles, the recognition portion having a 
sequence complemei^^ry to at least one portion of the sequence of a nucleic acid or another 
oligonucleotide. 
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244. The nanoparticles of Claim 243 wherein the spacer portion has a moiety 
covalently bound to it, the moiety comprising a functional group through which the spacer 
portion is bound to the nanoparticles. 

245. The nanoparticles of Claim 243 wherein the spacer portion comprises at least 
about 10 nucleotides. 

246. The nanoparticles of Claim 245 wherein the spacer portion comprises from 
about 10 to about 30 nucleotides. 

247. The nanoparticles of Claim 243 wherein the bases of the nucleotides of the 
spacer portion are all adenines, all thymines, all cytosines, all uracils or all guanines. 

248. The nanoparticles of Claim 243ywherein the oligonucleotides are present on 
surface of the nanoparticles at a surface den^ty of at least 10 picomoles/cml 

249. The nanoparticles of Claini/248 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surfacedensity of at least 15 picomoles/cm^ 

250. The nanoparticles of Claim 249 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of from about 1 5 picomoles/cm^ to about 40 
picomoles/cm^. 

251. The nanoparticles of Claim 243 wherein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 

252. The method of Claim 25 1 wherein the nanoparticles are gold nanoparticles. 
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253 . Nanoparticles having oligonucleotides attached to them, ihe oligonucleotides 

comprising: / 

at least one type of recognition oligonucleotides, each of the types of 

recognition oligonucleotides comprising a sequence complementary to at least one portion 

of the sequence of a nucleic acid or another oligonucleotide*/and 
a type of diluent oligonucleotides. 

254. The nanoparticles of Claim 253 wherein, each of the recognition 
oligonucleotides comprises a spacer portion and a^recognition portion, the spacer portion 
being designed so that it is bound to the nanop^icles, the recognition portion having a 
sequence complementary to at least one portion of the sequence of a nucleic acid or another 
oligonucleotide. 

255. The nanoparticles of Claim/254 wherein the spacer portion has a moiety 
covalently bound to it, the moiety comprising a functional group through which the spacer 
portion is bound to the nanoparticles. 

256. The nanoparticles of 91aim 254 wherein the spacer portion comprises at least 
about 10 nucleotides. 



257. The nanoparticles of Claim 256 wherein the spacer portion comprises from 
about 10 to about 30 nucleotid4. 



258, The nanoparticles of Claim 254 wherein the bases of the nucleotides of the 
spacer portion are all adenines, all thymines, all cytosines, all uracils or all guanines. 



259. The nanoparticles of Claim 253 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of at least 1 0 picomoles/cm^ 
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260. The nanoparticles of Claim 259 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of at least 15 picomoWcml 

26 1 . The nanoparticles of Claim 260 wherein the oligoniK;leotides are present on 
surface of the nanoparticles at a surface density of from about 1 5 ^icomoles/cm^ to about 40 
picomoles/cm^. / 

262. The nanoparticles of Claim 254 wherein the diluent oligonucleotides contain 
about the same number of nucleotides as are contained in the spacer portions of the 
recognition oligonucleotides. / 

263- The nanoparticles of Claim 262 /wherein the sequence of the diluent 
oligonucleotides is the same as that of the spacer portions of the recognition 
oligonucleotides. / 

264. The nanoparticles of Claim 253 wherein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 

265. The nanoparticles of/ciaim 264 wherein the nanoparticles are gold 
nanoparticles. / 

266. A method of detecting a nucleic acid comprising: 

contacting the nucleic^cid with at least one type of nanoparticle-oligonucleotide 
conjugates according to anyone of Claims 237-242 under conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles with the nucleic acid; and 

observing a detectable change brought about by hybridization of the oligonucleotides 
on the nanoparticles with the nucleic acid. 
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267. A method of detecting a nucleic acid comprising: 
contacting the nucleic acid with at least one type of nanot^ticles according to any 

one of Claims 243-265 under conditions effective to allow hybridization of at least one of 
the types of recognition oligonucleotides on the nanoparticle/with the nucleic acid; and 

observing a detectable change brought about by ^ybridization of the recognition 
oligonucleotides with the nucleic acid. 

268. A method of detecting a nucleic acid having at least two portions comprising: 
providing a type of nanoparticle-oligonucleotide conjugates according to any 

one of Claims 237-242, the oligonucleotides oii each nanoparticle having a sequence 
complementary to the sequence of at least two portions of the nucleic acid; 

contacting the nucleic acid and^ ^e conjugates under conditions effective to 
allow hybridization of the oligonucleotide/on the nanoparticles with the two or more 

portions of the nucleic acid; and / 

observing a detectable change brought about by hybridization of the 

oligonucleotides on the nanoparticles with the nucleic acid. 

269. A method of detecting/a nucleic acid having at least two portions comprising: 
contacting the nucl(ic acid with at least two types of nanoparticle- 
oligonucleotide conjugates according to any one of Claims 237-240, the oligonucleotides on 
the nanoparticles of the first type/of conjugates havmg a sequence complementary to a first 
portion of the sequence of the nucleic acid, the oligonucleotides on the nanoparticles of the 
second type of conjugates ha/ing a sequence complementary to a second portion of the 
sequence of the nucleic acid Ahe contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles with the nucleic acid; and 

observing/a detectable change brought about by hybridization of the 
oligonucleotides on the Aanoparticles with the nucleic acid. 



200 



270. The method of Claim 269 wherein the contacting conditions include freezing 
and thawing. 

271. The method of Claim 269 wherein the contacting/conditions include heating. 

272. The method of Claim 269 wherein the detectable change is observed on a 
solid surface. 

273. The method of Claim 269 wherein tl^e detectable change is a color change 
observable with the naked eye. 

274. The method of Claim 273 wherein the color change is observed on a solid 
surface. 

275. The method of Claim 269 wherem the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 

276. The method of Claim 269 wherein the nanoparticles are gold nanoparticles. 

277. The method of Claii/269 wherein the oligonucleotides attached to the 



nani 



oparticles are labeled on their e^s not attached to the nanoparticles with molecules that 
produce a detectable change uponyhybridization of the oligonucleotides on the nanoparticles 
with the nucleic acid. 

278. The method/ of Claim 277 wherein the nanoparticles are metallic or 
semiconductor nanoparticles and the oligonucleotides attached to the nanoparticles are 
labeled with fluorescent Molecules. 
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279. The method of Claim 269 wherein: 
the nucleic acid has a third portion located between the first and second 

portions, and the sequences of the oligonucleotides on the naAoparticles do not include 
sequences complementary to this third portion of the nucleic dcid; and 

the nucleic acid is further contacted with a filler oligonucleotide having a 
sequence complementary to this third portion of the nucleic/cid, the contacting taking place 
under conditionseffectivetoanowhybridizationofthefill/roligonucleotide with 

acid. 

280. The method of Claim 269 wherein itii nucleic acid is viral RNA or DN A. 

281 . The method of Claim 269 wherein ;he nucleic acid is a gene associated with 
a disease. 

282. The method of Claim 269 wherein the nucleic acid is a bacterial DNA. 

283. The method of Claim 269 wherein the nucleic acid is a fungal DNA. 

284. The method of Claim 269 wherein the nucleic acid is a synthetic DNA, a 
synthetic RNA, a structurally-modified natural or synthetic RNA, or a structurally-modified 
natural or synthetic DNA. 

285. The method of Cla;m 269 wherein the nucleic acid is from a biological 

source. 

286. The method of/ Claim 269 wherein the nucleic acid is a product of a 
polymerase chain reaction amplification. 
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287. The method of Claim 269 wherein the nucleic acid is con^ted with the first 
and second types of conjugates simultaneously. 

288. The method of Claim 269 wherein the nucleic/acid is contacted and 
hybridized with the oligonucleotides on the nanoparticles of firsytype of conjugates before 
being contacted with the second type of conjugates. 

289. The method of Claim 288 wherein the first /ype of conjugates is attached to 
a substrate. 

290. The method of Claim 269 wherein the/nucleic acid is double-stranded and 
hybridization with the oligonucleotides on the nanoparticles results in the production of a 
triple-stranded complex. 

29 1 . A method of detecting a nucleic acid having at least two portions comprising: 
providing a type of nanoparticles according to any one of Claims 243-252 

having recognition oligonucleotides attached thereto, the recognition oligonucleotides on 
each nanoparticle comprising a sequence ^mplementary to the sequence of at least two 

portions of the nucleic acid; 

contacting the nucleic aci4 and the nanoparticles under conditions effective 
to allow hybridization of the oligonucleotides on the nanoparticles with the two or more 
portions of the nucleic acid; and / 

observing a detectable change brought about by hybridization of the 
oligonucleotides on the nanoparticles with the nucleic acid. 

292. A method of detecting nucleic acid having at least two portions comprising: 
contacting the nucleic acid with at least two types of nanoparticles according 

to any one of Claims 243/250 having recognition oligonucleotides attached thereto, the 

203 



recognition oligonucleotides on the first type of nanoparticles comprising a sequence 
complementary to a first portion of the sequence of the nucleic/cid, the recognition 
oligonucleotides on the second type of nanoparticles comprising a sequence complementary 
to a second portion of the sequence of the nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the recognition oligonucleotides on the 
nanoparticles with the nucleic acid; and / 

observing a detectable change brought ^about by hybridization of the 
recognition oligonucleotides on the nanoparticles with ^e nucleic acid. 

293 . The method of Claim 292 wherein the^contacting conditions include freezing 
and thav^g. 

294. The method of Claim 292 wherein the contacting conditions include heating. 

295. The method of Claim 292 wh^ein the detectable change is observed on a 
solid surface. 

296. The method of Claim 292 wherein the detectable change is a color change 
observable with the naked eye. 

297. The method of Claim 296 wherein the color change is observed on a solid 
surface. 

298. The method of;Claim 292 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 

299. The method of Claim 298 wherein the nanoparticles are made of gold. 
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300. The method of Claim 292 wherein the recognition oligonucleotides attached 
to the nanoparticles are labeled on their ends not attached to the nanoparticles with molecules 
that produce a detectable change upon hybridization of Ae oligonucleotides on the 
nanoparticles with the nucleic acid. 

301. The method of Claim 300 wherein /the nanoparticles are metallic or 
semiconductor nanoparticles and the oligonucleoti<^s attached to the nanoparticles are 
labeled with fluorescent molecules. 

302. The method of Claim 292 wherein: 
the nucleic acid has a third po4on located between the first and second 

portions, and the sequences of the oligonucleotides on the nanoparticles do not include 
sequences complementary to this third portibn of the nucleic acid; and 

the nucleic acid is further Contacted with a filler oligonucleotide having a 
sequence complementary to this third portion of the nucleic acid, the contacting taking place 
under conditions efrectivetoallowhybriaizationofthefiUeroligonucleotide with thenucleic 

acid. 

303. The method of Claim 292 wherein the nucleic acid is viral RNA or DNA. 

304. The method of c/aim 292 wherein the nucleic acid is a gene associated with 
a disease. 

305. The method/of Claim 292 wherein the nucleic acid is a bacterial DNA. 

306. The method of Claim 292 wherein the nucleic acid is a fimgal DNA. 
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307 The method of Claim 292 wherein the nucleic acid is a sj^thetic DNA, a 
syntheticI^A,astn.cturally-modifiednaturalorsyntheticimA.oras^^^^ 

natural or synthetic DNA. 

308. The method of Claim 292 wherein the nucleic^a^id is from a biological 

source. 

309. The method of Claim 292 wherein the n/cleic acid is a product of a 
polymerase chdn reaction amplification. 

310. niemethodofClaim292whereinthenu(leicacidiscontactedwiththefirst 
and second types of nanoparticles simultaneously. 

311 The method of Claim 292 whereii. the nucleic acid is contacted and 
hybridizedwiththeoligonucleotidesonthefirsttypUfnanoparticlesbeforebeingcontac^ 

with the second type of nanoparticles. / 

312. The method of Claim 311 whiin the first type ofnanoparticles is attached 

to a substrate. 

313 The method of Claim 292/wherein the nucleic acid is double-stranded and 
hybridization with the oligonucleotides/on the nanoparticles results in the production of a 
triple-Stranded complex. 

314. Amethodofdetecti/ganucleicacidhavingatleasttwoportionscomprising: 
providing a type ofnanoparticles according to any one of Claims 253-265 
having recognition oligonucleo/des attached thereto, the recognition oligonucleotides on 
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each nanoparticle comprising a sequence complementary to the sequence of at least two 
portions of the nucleic acid; / 

contacting the nucleic acid and the nanoparticles under conditions effective 
to allow hybridization of the recognition oligonucleotides on the nanoparticles with the two 
or more portions of the nucleic acid; and / 

observing a detectable change brought about by hybridization of the 
recognition oligonucleotides on the nanoparticles with the4iucleic acid. 

315. A method of detecting nucleic acid having at least two portions comprising: 
contacting the nucleic acid with at least-^vo types of nanoparticles according 

to any one of Claims 253-263 having recognitiony oligonucleotides attached thereto, the 
recognition oligonucleotides on the first type of nanoparticles comprising a sequence 
complementary to a first portion of the sequence of the nucleic acid, the recognition 
oligonucleotides on the second type of nanoparticles comprising a sequence complementary 
to a second portion of the sequence of the nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the recognition oligonucleotides on the 
nanoparticles v^th the nucleic acid; and ^ 

observing a detectable change brought about by hybridization of the 
recognition oligonucleotides on the nanoparticles with the nucleic acid. 

316. The method of Claim/3 1 5 wherein the contacting conditions include freezing 
and thavwng. 

317. The method of Claim 3 1 5 wherein the contacting conditions include heating. 



318. The method of Claim 3 1 5 wherein the detectable change is observed on a 
solid surface. 
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319. The method of Claim 315 wherein the detectable change^s.a color change 
observable with the naked eye. 

320. The method of Claim 3 1 9 wherein the color chang^ is observed on a solid 
surface. 

321 . The method of Claim 3 1 5 wherein the nanop^icles are metal nanoparticles 
or semiconductor nanoparticles. 

322. The method of Claim 32 1 wherein the nanoparticles are made of gold. 

323. The method of Claim 31 5 wherein the recognition oligonucleotides attached 
to the nanoparticles are labeled on their ends not atta4hed to the nanoparticles with molecules 
that produce a detectable change upon hybridization of the recognition oligonucleotides on 
the nanoparticles with the nucleic acid. 

324. The method of Claim 323 wherein the nanoparticles are metallic or 
semiconductor nanoparticles and the^iecognition oligonucleotides attached to the 
nanoparticles are labeled with fluorescent molecules. 

325. The method of Claim'3 1 5 wherein: 

the nucleic acid ha^ a third portion located between the first and second 
portions, and the sequences of the oligonucleotides on the nanoparticles do not include 
sequences complementary to ttts third portion of the nucleic acid; and 

the nucleic acid is further contacted with a filler oligonucleotide having a 
sequence complementary to^this third portionofthe nucleic acid, the contacting takingplace 

underconditionseffective(oallowhybridizationofthefilleroligonucleotidewiththenucleic 

acid. 
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326. The method of Claim 3 1 5 wherein the nucleic acid is/viral RNA or DNA. 



327. The method of Claim 3 1 5 wherein the nucleic add is a gene associated with 
a disease. 

328. The method of Claim 3 1 5 wherein theipcleic acid is a bacterial DNA. 

329. The method of Claim 3 1 5 wherein^e nucleic acid is a fungal DNA. 

330. The method of Claim 315 wherein the nucleic acid is a synthetic DNA, a 
synthetic RNA, a structurally-modified natural^or synthetic RNA, or a structurally-modified 
natural or synthetic DNA. 

331. The method of Claim 315 wherein the nucleic acid is from a biological 

source. 



332. The method of Claim 315 wherein the nucleic acid is a product of a 
polymerase chain reaction amplification. 



333. The method of Claim 3 1 5 wherein the nucleic acid is contacted with the first 
and second types of nanoparticles simultaneously. 



334. The method/ of Claim 315 wherein the nucleic acid is contacted and 
hybridized with the recogmtion oligonucleotides on the first type of nanoparticles before 
being contacted with the'second type of nanoparticles. 



335. The method of Claim 334 wherein the first type of nanoparticles is attached 
to a substrate. 
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336. The method of Claim 3 1 5 wherein the nucleic acid is^double-stranded and 
hybridization with the oligonucleotides on the nanoparticles results in the production of a 
triple-stranded complex. 

337. A method of detecting a nucleic acid having at lea^t two portions comprising: 

(a) contacting the nucleic acid with a subst/ate having oligonucleotides 
attached thereto, the oligonucleotides having a sequence coniplementaiy to a first portion of 
the sequence of said nucleic acid, the contacting taking place under conditions effective to 
allow hybridization of the oligonucleotides on the subs^te with said nucleic acid; 

(b) contacting said nucleic acid bound^to the substrate with a first type of 
nanoparticle-oligonucleotide conjugates according to any one of Claims 237-240, at least one 
of the types of oligonucleotides attached to the nanbparticles of the conjugates having a 
sequence complementary to a second portion of /the sequence of said nucleic acid, the 
contacting taking place under conditions effective to allow hybridization of the 
oligonucleotides attached to the nanoparticles ofthe conjugates with said nucleic acid; and 

(c) observing a detectable change. 

338. The method of Claim 337 further comprising: 

(d) contacting the first type of nanoparticle-oligonucleotide conjugates bound 



to the substrate with a second type of nanoparticle-oligonucleotide conjugates according to 
any one of Claims 237-240, at least one of the types of oligonucleotides attached to the 
nanoparticles of the second type of conjugates having a sequence complementaiy to the 
sequence of one of the types of oligonucleotides attached to the nanoparticles of the first type 
of conjugates, the contacting taking^place under conditions effective to allow hybridization 



of the oligonucleotides attached Ao the nanoparticles of the first and second types of 

conjugates; and / 

(e) observing the detectable change. 
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339. The method of Claim 338 wherein at least one of the types of oligonucleotides 
on the nanoparticles of the first type of conjugates has a sequenceyfcomplementary to the 
sequence of at least one of the types of oligonucleotides on the nanoparticles of the second 
type of conjugates and the method further comprises: / 

(f) contacting the second type of conjugates bound to the substrate with the 
first type of conjugates, the contacting taking place under ^onditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles of the first and second types of 

conjugates; and 

(g) observing the detectable change. 

340. The method of Claim 339 wherein step id)pr steps (d) and (f) are repeated one 
or more times and the detectable change is observed. 



341. The method of Claim 337 further comprising: 

(d) providing a type of binding oligonucleotides having a sequence 
comprising at least two portions, the first portion'being complementary to at least one of the 
types of oligonucleotides attached to the nanoparticles of the first type of conjugates; 

(e) contacting the binding oligonucleotides with the first type of conjugates 
bound to the substrate, the contacting taking place under conditions effective to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on the nanoparticles 
of the first type of conjugates; ^ 

(f) providing a second type of nanoparticle-oligonucleotide conjugates 
according to any one of Claims 237-240, at least one of the types of oligonucleotides 
attached to the nanoparticles ofythe second type of conjugates having a sequence 
complementary to the second portion of the sequence of the binding oligonucleotides; 

(g) contacting the4inding oligonucleotides bound to the substrate with the 
second type of conjugates, the contacting taking place under conditions effective to allow 
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hybridization of the oligonucleotides attached to the nanoparticles of the second type of 
conjugates with the binding oligonucleotides; and 

(h) observing the detectable change. 

342. The method of Claim 34 1 further comprising: 

(i) contacting the second type of conjugates bound to the substrate with the 
binding oligonucleotides, the contacting taking place under conditions effective to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on the nanoparticles 
of the second type of conjugates; j 

(j) contacting the binding oligonucleotides bound to the substrate with the first 
type of conjugates, the contacting taking place ^under conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles of the first type of conjugates with 
the binding oligonucleotides; and / 

(k) observing the detectable change. 

343. The method of Claim 342 wherein steps (e) and (g) or steps (e), (g), (i) and G) 
are repeated one or more times, and the detectable change is observed. 

344. The method of Claim 337/wherein the substrate is a transparent substrate or 
an opaque white substrate. 

345. The method of Claim 344 wherein the detectable change is the formation of 
dark areas on the substrate. 



346. The method of Claim 337 wherein the nanoparticles of the conjugates are 
metal nanoparticles or semiconductor nanoparticles. 
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347. The method of Claim 346 wherein the nanoparticles of^the conjugates are 
made of gold or silver. 

348 The method of Claim 337 wherein the substrate/lias a plurality of types of 
oligonucleotides attached to it in an array to allow for the dejection of multiple portions of 
a single nucleic acid, the detection of multiple different m^cleic acids, or both. 

349. The method of Claim 337 wherein the substrate is contacted with silver stain 
to produce the detectable change. 

350. TTie method of Claim 348 wherein flie substrate is contacted with silver stain 
to produce the detectable change. 

351. The method of Claim 337 whe^in the detectable change is observed with an 
optical scanner 

352. The method of Claim 351 iierein the device is a flatbed scanner. 

353. ThemethodofClaim351 wherein the seamier is linked to a computer loaded 

with software capable of calculating greyscale measurements, and the greyscale 
^mentsarecalculatedto^rUeaquantitativemeasureoftheamountofnucleica^ 

detected. 



354 -nie method/of Claim 337 wherein the oligonucleotides attached to the 
substrate are located betw4n two electrodes, the nanoparticles of the conjugates are made 

of a 

conductivity. 



niaterial which is a^conductor of electricity, and the detectable change is a change m 
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355. The method of Claim 354 wherein the electrodes a^e made of gold, and the 
nanoparticles are made of gold. 

356. The method of Claim 354 wherein the substrate is contacted with silver stain 
to produce the change in conductivity. 

357. The method of Claim 348 wherein eadi of the plurality of oligonucleotides 
attached to the substrate in the array is located between two electrodes, the nanoparticles are 
made of a material which is a conductor of electricity, and the detectable change is a change 
in conductivity. 

358. The method of Claim 357 v^herein the electrodes are made of gold, and the 
nanoparticles are made of gold. 

359. The method of Claim 357 wherein the substrate is contacted with silver stain 
to produce the change in conducti>ap^. 

360. A method of detecting a nucleic acid having at least two portions comprising: 

(a) contacting the nucleic acid with a substrate having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a first portion of 
the sequence of said nucleic4id, the contacting taking place under conditions effective to 
allow hybridization of the^ligonucleotides on the substrate with said nucleic acid; 

(b) contacting said nucleic acid bound to the substrate v^dth a first type of 
nanoparticles according to any one of Claims 243-250 having one or more types of 
recognition oligonucleotides attached thereto, at least one of the types of recognition 
oligonucleotides comprising a sequence complementary to a second portion of the sequence 
of said nucleic/acid, the contacting taking place under conditions effective to allow 
hybridization/f the oligonucleotides on the nanoparticles with said nucleic acid; and 
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(c) observing a detectable change. 



361. The method of Claim 360 further comprising^ 

(d) contacting the first type of nanoparticles bound to the substrate with a 
second type of nanoparticles according to any one of Claims 243-250 having recognition 
oligonucleotides attached thereto, at least one of the types of recognition oligonucleotides 
on the second type of nanoparticles comprising a sequence complementary to the sequence 
of one of the types of oligonucleotides on the first type of nanoparticles, the contacting taking 
place under conditions effective to allow hybridization of the oligonucleotides on the first 
and second types of nanoparticles; and / 

(e) observing the detectable change. 

362. The method of Claim 360 wherein at least one of the types of recognition 
oligonucleotides on the first type of nanoparticles has a sequence complementary to the 
sequence of at least one of the types of oligonucleotides on the second type of nanoparticles 
and the method further comprises: / 

(f) contacting the second type of nanoparticles bound to the substrate with the 
first type of nanoparticles, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the first and second types of nanoparticles; and 

(g) observing the detectable change. 

363. The method of Clmm 362 wherein step (d) or steps (d) and (f) are repeated one 
or more times and the detectable change is observed. 



364. The method of Claim 360 further comprising: 

(d) providing a type of binding oligonucleotides having a sequence 
comprising at least two portions, the first portion being complementary to at least one of the 
types of oligonucleotides on the first type of nanoparticles; 
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(e) contacting the binding oligonucleotides with the first type of nanoparticles 
bound to the substrate, the contacting taking place under condUions effective to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on the first type of 
nanoparticles; 

(f) providing a second type of nanoparticles according to any one of Claims 
243-250 having recognition oligonucleotides attached th^eto, at least one of the types of 
recognition oligonucleotides on the second type of nanoparticles comprising a sequence 
complementary to the second portion of the sequence of the binding oligonucleotides; 

(g) contacting the binding oligonucleotides bound to the substrate with the 
second type of nanoparticles, the contacting taking4)lace under conditions efTective to allow 
hybridization of the oligonucleotides on the seco^nd type of nanoparticles with the binding 
oligonucleotides; and / 

(h) observing the detectable^hange. 

365. The method of Claim 364 further comprising: 

(i) contacting the second t^e of nanoparticles bound to the substrate vwth the 
binding oligonucleotides, the contacting taking place under conditions effective to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on the second type 

of nanoparticles; / 

(j) contacting the binding oligonucleotides bound to the substrate with the first 
type of nanoparticles, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the first type of nanoparticles with the binding 
oligonucleotides; and / 

(k) observing the detectable change. 

366. The metho^f Claim 365 wherein steps (e) and (g) or steps (e), (g), (i) and Q) 
are repeated one or more times, and the detectable change is observed. 
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367. The method of Claim 360 wherein the substrate is a trmisparent substrate or 
an opaque white substrate. 

368. The method of Claim 367 wherein the detectab^change is the formation of 
dark areas on the substrate. 

369. The method of Claim 360 wherein the n^oparticles are metal nanoparticles 
or semiconductor nanoparticles. 

370. The method of Claim 369 wherein the nanoparticles are made of gold or 

silver. 

371. The method of Claim 360 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array tG4llow for the detection of multiple portions of 
a single nucleic acid, the detection of niultiple different nucleic acids, or both. 

372. The method of Claim 360 wherein the substrate is contacted with silver stain 
to produce the detectable change, 

373. The method of Claim 371 wherein the substrate is contacted v^dth silver stain 
to produce the detectable change. 

375. The method4f Claim 360 wherein the detectable change is observed with an 
optical scanner 

376. The method of Claim 375 wherein the device is a flatbed scanner. 
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377. The method of Claim 375 wherein the scanner is linked t/a computer loaded 
with software capable of calculating greyscale measurement/, and the greyscale 
measurements are calculated, to provide a quantitative measure of me amount of nucleic acid 
detected. 

378. The method of Claim 360 wherein the oligonucleotides attached to the 
substrate are located between two electrodes, the nanoparticles are made of a material which 
is a conductor of electricity, and the detectable change is a change in conductivity. 

379. The method of Claim 378 wherein thfe electrodes are made of gold, and the 
nanoparticles are made of gold. 

380. The method of Claim 378 wherein the substrate is contacted with silver stain 
to produce the change in conductivity. 



381. The method of Claim 37 1 wherein each of the plurality of oligonucleotides 
attached to the substrate in the array is located between two electrodes, the nanoparticles are 
made of a material which is a conductor 9I electricity, and the detectable change is a change 
in conductivity. 



382. The method of Claiin 381 wherein the electrodes are made of gold, and the 
nanoparticles are made of gold. 



383. The method of Claim 381 wherein the substrate is contacted with silver stain 
to produce the change in conductivity. 



384. A method 6f detecting a nucleic acid having at least two portions comprising: 



218 



(a) contacting the nucleic acid with a substrate having^ oligonucleotides 
attached thereto, the oligonucleotides having a sequence complement^ to a first portion of 
the sequence of said nucleic acid, the contacting taking place under/onditions effective to 
allow hybridization of the oligonucleotides on the substrate with said nucleic acid; 

(b) contacting said nucleic acid bound to the substrate with a first type of 
nanoparticles according to any one of Claims 253-263 having one or more types of 
recognition oligonucleotides attached thereto, at least one of the types of recognition 
oligonucleotides comprising a sequence complementary t^ a second portion of the sequence 
of said nucleic acid, the contacting taking place under conditions effective to allow 
hybridization of the recognition oligonucleotides on the/nanoparticles with said nucleic acid; 
and 

(c) observing a detectable change. 

385. The method of Claim 384 further comprising: 

(d) contacting the first type of nanoparticles bound to the substrate with a 
second type of nanoparticles according to aii( one of Claims 253-263having recognition 
oligonucleotides attached thereto, at least one of the types of recognition oligonucleotides 
on the second type of nanoparticles comprising a sequence complementary to the sequence 
of one of the types of oligonucleotides on4e first type of nanoparticles, the contacting taking 
place under conditions effective to allpSv hybridization of the oligonucleotides on the furst 
and second types of nanoparticles; and 

(e) observing the detectable change. 

386. The method of Gldm 385 wherein at least one of the types of recognition 
oligonucleotides on the first type of nanoparticles comprises a sequence complementary to 
the sequence of at least 6ne of the types of oligonucleotides on the second type of 
nanoparticles and the method further comprises: 
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(f) contacting the second type of nanoparticles bound to the substrate with the 
first type of nanoparticles, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the first and second types^of nanoparticles; and 

(g) observing the detectable change. 




387. The method of Claim 386 wherein step (d) or steps (d) and (f) are repeated one 
or more times and the detectable change is observed. 

388. The method of Claim 384 further comprising: 

(d) providing a type of bindine/oligonucleotides having a sequence 
comprising at least two portions, the first portion being complementary to at least one of the 
types of oligonucleotides on the first type of nanoparticles; 

(e) contacting the binding oligonucleotides with the first type of nanoparticles 
bound to the substrate, the contacting taking place under conditions effective to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on the first type of 
nanoparticles; ^ 

(f) providing a second type of nanoparticles according to any one of Claims 
253-263 having recognition oligonucleotides attached thereto, at least one of the types of 
recognition oligonucleotides on the4econd type of nanoparticles comprising a sequence 
complementary to the second portion of the sequence of the binding oligonucleotides; 

(g) contacting the'^binding oligonucleotides bound to the substrate with the 
second type of nanoparticles, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the second type of nanoparticles with the binding 
oligonucleotides; and ^ 

(h) observing the detectable change. 



389. The method of Claim 388 further comprising: 
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(i) contacting the second type ofnanoparticles bound to the substrate with the 
binding oligonucleotides, the contacting taking place under conditions effec^ve to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on^e second type 
of nanoparticles; 

0) contacting the binding oligonucleotides bound to the sufcstrate with the first 
type of nanoparticles. the contacting taking place under conditio/s effective to allow 
hybridization of the oligonucleotides on the first type of nanopaj/icles with the binding 

oligonucleotides; and 

(k) observing the detectable change. 

390. The method of Claim 389 wherein steps (e) and'(g) or steps (e), (g), (i) and 0) 
are repeated one or more times, and the detectable change^is observed. 

391 . The method of Claim 384 wherein the substrate is a transparent substrate or 
an opaque white substrate. 

392. The method of Claim 391 wherein th^e detectable change is the formation of 
dark areas on the substrate. 

393. The method of Claim 384 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 

394. The method of Claim 393 wherein the nanoparticles are made of gold or 

silver. 

395. The method of Claim^384 wherein the substrate has a plurality of types of 
oligonucleotides attached to it inL array to allow for the detection of multiple portions of 
a single nucleic acid, the detection of multiple different nucleic acids, or both. 
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396. The method of Claim 384 wherein the substrate is contacte^with silver stain 
to produce the detectable change. 

372. The method of Claim 395 wherein the substrate is C9^tacted with silver stain 
to produce the detectable change. 

398. The method of Claim 384 wherein the detectable change is observed with an 
optical scanner 

399, The method of Claim 398 wherein the device is a flatbed scanner. 



400, The method of Claim 398 wherein the scanner is linked to a computer loaded 
with software capable of calculating greysc^ale measurements, and the greyscale 
measurements are calculated, to provide a quantitative measure of the amount of nucleic acid 
detected. 



401. The method of Claim 3 84 /wherein the oligonucleotides attached to the 
substrate are located between two electrodes, the nanoparticles are made of a material which 
is a conductor of electricity, and the detectable change is a change in conductivity. 



402. The method of Claini'40 1 wherein the electrodes are made of gold, and the 
nanoparticles are made of gold. 

403. The method of Claim 401 wherein the substrate is contacted with silver stain 
to produce the change in conductivity. 

404. The method of Claim 397 wherein each of the plurality of oligonucleotides 
attached to the substrat/in the array is located between two electrodes, the nanoparticles are 
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made of a material which is a conductor of electri^, and the detectable change is a change 
in conductivity. / 

405. The method of Claim 404 wherein the electrodes are made of gold, and the 
nanoparticles are made of gold. / 

406. The method atClaim 404 wherein the substrate is contacted with silver stain 
to produce the change iHfconductivity. 

/ 

407. A method of detecting a nucleic acid having at least two portions comprising: 

(a) contacting the nucleic acid with a substrate having oligonucleotides 
attached thereto, the oligonucleotides being located between a pair of electrodes, the 
oligonucleotides having a sequence complementary to a first portion of the sequence of said 
nucleic acid, the contacting taking place imder conditions effective to allow hybridization of 
the oligonucleotides on the substrate with said nucleic acid; 

(b) contacting said nucleic acid bound to the substrate with a first type of 
nanoparticles, the nanoparticles being made of a material which can conduct electricity, the 
nanoparticles having one or more types of oligonucleotides attached thereto, at least one of 
the types of oligonucleotides having a sequence complementary to a second portion of the 
sequence of said nucleic acid, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles with said nucleic acid; and 

(c) detecting a change in conductivity. 

408. The method of Claim 407 wherein the substrate has a plurality of pairs of 
electrodes located on it in an array to allow for the detection of multiple portions of a single 
nucleic acid, the detection of multiple different nucleic acids, or both, each of the pairs of 
electrodes having a type of oligonucleotides attached to the substrate between them. 
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409. The method of Claim 407 wherein the nanoparticles are made of metal. 

410. The method of Claim 407 wherein the nanoparticles are made of gold or 



silver. 



411. The method of Claim 407 wherein the substrate is contacted with silver stain 
to produce the change in conductivity. 

412. The method of Claim 407 further comprising: 

(d) contacting the first type of nanoparticles bound to the substrate with a 
second type of nanoparticles, the nanoparticles being made of a material which can conduct 
electricity, the nanoparticles having oligonucleotides attached thereto, at least one of the 
types of oligonucleotides on the second type of nanoparticles comprising a sequence 
complementary to the sequence of one of the types of oligonucleotides on the first type of 
nanoparticles, the contacting taking place under conditions effective to allow hybridization 
of the oligonucleotides on the first and second types of nanoparticles; and 

(e) detecting the change in conductivity. 

413. The method of Claim 412 wherein at least one of the types of oligonucleotides 
on the first type of nanoparticles has a sequence complementary to the sequence of at least 
one of the types of oligonucleotides on the second type of nanoparticles and the method 
further comprises: 

(f) contacting the second type of nanoparticles bound to the substrate with the 
first type of nanoparticles, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the first and second types of nanoparticles; and 

(g) detecting the change in conductivity. 
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414. The method of Claim 41 3 wherein step (d) or steps (d) and (f) are repeated one 
or more times and the change in conductivity is detected. 

4 1 5 The method of Claim 407 further comprising: 

(d) contacting the first type of nanoparticles bound to the substrate with an 
aggregate probe having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being made of a material which can conduct electricity, at least one of the types of 
oligonucleotides on the aggregate probe comprising a sequence complementary to the 
sequence of one of the types of oligonucleotides on the first type of nanoparticles, the 
contacting taking place under conditions effective to allow hybridization of the 
oligonucleotides on the aggregate probe with the oligonucleotides on the first type of 
nanoparticles; 

(e) and detecting the change in conductivity. 

416. A method of detecting nucleic acid having at least two portions comprising: 

(a) contacting a nucleic acid with a substrate having oligonucleotides attached 
thereto, the oligonucleotides being located between a pair of electrodes, the oligonucleotides 
having a sequence complementary to a first portion of the sequence of said nucleic acid, the 
contacting taking place under conditions effective to allow hybridization of the 
oligonucleotides on the substrate with said nucleic acid; 

(b) contacting said nucleic acid bound to the substrate with an aggregate probe 
having oligonucleotides attached thereto, at least one of the types of oligonucleotides on the 
aggregate probe comprising a sequence complementary to the sequence of a second portion 
of said nucleic acid, the nanoparticles of the aggregate probe being made of a material which 
can conduct electricity, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the aggregate probe with the nucleic acid; and 

(c) detecting a change in conductivity. 
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417. A method of detecting a nucleic acid wherein the method is performed on a 
substrate, the method comprising detecting the presence, quantity, or both, of the nucleic acid 
with an optical scanner. 

418. The method of Claim 417 wherein the device is a flatbed scanner. 

419. The method of Claim 4 1 7 wherein the scanner is linked to a computer loaded 
with software capable of calculating greyscale measurements, and the greyscale 
measurements are calculated, to provide a quantitative measure of the amount of nucleic acid 
detected. 

420. The method of Claim 417 wherein the scanner is linked to a computer loaded 
with software capable of providing an image of the substrate, and a qualitative determination 
of the presence of the nucleic acid, the quantity of the nucleic acid, or both, is made. 

42T>>4jdt comprising a container holding nanopartiele-oligonucleotide conjugates 
according to any oneof^sl^is 23lffl42. 

422. A kit comprising i conmine?te>14ing nanoparticles according to any one of 
Claims 243-265. ^S^,^^^^^ 

423. A kit comprising a substrate having attached thereto at least one pair of 
electrodes with oligonucleotides attached to the substrate between the electrodes. 

424. The kit of Claim 423 wherein the substrate has a plurality of pairs of 
electrodes attached to it in an array, to allow for the detection of multiple portions of a single 
nucleic acid, the detection of multiple different nucleic acids, or both. 
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425 . A method of nanofabrication comprising 

providing at least one type of linking oligonucleotide having a selected 
sequence, the sequence of each type of linking oligonu4eotide having at least two portions; 

providing one or more types of nanoparticle-oligonucleotide conjugates 
according to any one of Claims 237-242, the olig^^cleotides attached to the nanoparticles 
of each of the types of conjugates having a sequence complementary to the sequence of a 
portion of a linking oligonucleotide; and / 

contacting the linking oligonucleotides and conjugates under conditions 
effective to allow hybridization of the oligonucleotides attached to the nanoparticles of the 
conjugates to the linking oligonucleotides so that a desired nanomaterial or nanostructure is 
formed wherein the nanoparticles of the conjugates are held together by oligonucleotide 
connectors. 



426. A method of nanofabrication comprising 

providing at least one type of linking oligonucleotide having a selected 
sequence, the sequence of each type of linking oligonucleotide having at least two portions; 

providing one or more types of nanoparticles according to any one of Claims 
243-265, the recogniydon oligonucleotides on each of the types of nanoparticles comprising 
a sequence complementary to the sequence of a portion of a linking oligonucleotide; and 

contacting the linking oligonucleotides and nanoparticles under conditions 
effective to allcw hybridization of the oligonucleotides on the nanoparticles to the Imking 
oligonucleotides so that a desired nanomaterial or nanostructure is formed wherein the 
nanoparticl/s are held together by oligonucleotide connectors. 

♦27. A method of nanofabrication comprising: 

providing at least two types of nanoparticle-oligonucleotide conjugates 
according to any one of Claims 237-242, 
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the oligonucleotides attached to the nanoparticles of the first type of 
conjugates having a sequence complementary to that of the oligonucleotides attached to the 
nanoparticles of the second type of conjugates; / 

the oligonucleotides attached to the nanoparticles of the second type of 
conjugates having a sequence complementary to that of the .oligonucleotides attached to the 
nanoparticles of the fu-st type of conjugates; and / 

contacting the first and second types of conjugates under conditions effective 
to allow hybridization of the oligonucleotides on the nanoparticles of the conjugates to each 
other so that a desired nanomaterial or nanostructi^6 is formed. 

428. A method of nanofabrication comprising: 

providing at least two types of nanoparticles according to any one of Claims 

243-265, / 

the recognition oligonucleotides on the first type of nanoparticles comprising 

a sequence complementary to that of the oligonucleotides on the second of the nanoparticles; 

the recognition oligonucleotides on the second type of nanoparticles 

comprising a sequence complementary to that of the oligonucleotides on the first type of 

nanoparticles; and / 

contacting the first/and second types of nanoparticles under conditions 
effective to allow hybridization of4e oligonucleotides on the nanoparticles to each other so 
that a desired nanomaterial or nanostructure is formed. 

429. Nanomaterials or nanostrucUires composed of nanoparticle-oligonucleotide 
conjugates according to anyLe of Claims 237-242, the nanoparticles being held together 
by oligonucleotide connectors, 

430. Nanomaterials or nanostructures composed of nanoparticles according to any 
one of Claims 243-265! the nanoparticles being held together by oligonucleotide connectors. 
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43 1. A method of separating a selected nucleic acid ha\^ing at least two portions 
from other nucleic acids, the method comprising: 

providing two or more types of nanopartide-oligonucleotide conjugates 
according to any one of Claims 237-242, the oligonucleotides attached to the nanoparticles 
of each of the types of conjugates having a sequence copplementaiy to the sequence of one 
of the portions of the selected nucleic acid; and 

contacting the nucleic acids and conjugates under conditions effective to 
allow hybridization of the oligonucleotides on Uie nanoparticles of the conjugates with the 
selected nucleic acid so that the conjugates hybridized to the selected nucleic acid aggregate 
and precipitate. 



432. A method of separating a^selected nucleic acid having at least two portions 
from other nucleic acids, the method^mprising: 

providing two or more types of nanoparticles according to any one of Claims 
243-265, the oligonucleotides on'^ach of the types of nanoparticles having a sequence 
complementary to the sequence/^f one of the portions of the selected nucleic acid; and 

contacting th^nucleic acids and nanoparticles under conditions effective to 
allow hybridization of the oligonucleotides on the nanoparticles with the selected nucleic 
acid so that the nanoparticles hybridized to the selected nucleic acid aggregate and 
precipitate. . 
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